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TABLE 22

NUCLEAR POWER COST PREDICTIONS (constant 1798%)

YEAR OF ACTUAL ﬂ;g—'gg'é
PREDICTION 163-"68(1) 169-'72(2) 173-'74(3) PLANT CoSTS(4)

CAPITAL COSTS  $230 $370 $680 L2225
PER KILOWATT

——-_——_.——.—_—_.———.—_—.——————————_——.——_—-——_—_—._—_—._.___.__—_.—.——--——.—

TOTAL GENERA- gM/kwh 11M/kwh 21M/kwh g1M/kwh
TING COSTS

——_———_—_—_———-—_.——_————————_—_—_—-—.——..—_.———————-.——-———.—_—.——.—_—_

Sources

1) 1963-1968 cost estimates: Burn 1967, p. 38; Perry 1977,
pp. 30,35; Eortune 9/66; Electrical World 5/2/66; Ne¥ york
Times 4/10/66; Quirk and Montgomery 1978, P 24; U.S., AEC
1968a; Little 1968. .

2) 1969-1972 cost estimates: guirk and Montgomery 1978, pP.
24; U.Ses AEC: 1970a, 1972b; House Committee on Interior and
Insular Affairs 7/12/79 p. 226. I

3) l973—1974kcost estimates: U.Ser AEC: 1973b, 1974c; Quirk
and Montgomery 1978, p. 24.

4) Actual Costs refer to current estimates for reactors due
on line in mid-eighties, see Table 23.
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2) An OT Model of Nuclear Cost Projections

The dominance of the nuclear planning contekt 1950-
1970 by promotional interests contributed to cost
underestimation in several ways. The vendors and AEC were
spurred to promote misleadingly optimistic cost
expectations by inter-technology competition for OT status
and/or intra-nuclear technology competion for market
share.[1l] Even if partially contradicted by subsequent
experience, such expectations could impart critical mass
advantages to the nuclear sector and prosletizing firms.

The utilities and their consultants were discouraged
from critical cost review by their: expected insulation
from cost overrun penalties, self-interest in successful
nuclear development, traditional reliance on the vendots'
technical judgment, and \ deference to the self-fulfilling
prophecy aspect of OT dynamics.[2] Eventually, a modified
"emperor has no clothes" syndrome emerged, as many nuclear
firms sought to protect prior nuclear investments by
encouraging overall nuclear expansion.

Several ideological,  and institutional
characteristics of the 1950-1965 period increased the
industry's potential for sel f-deception by insulating the
sector from critical review. . Among these were: the
classified nature of early nuclear information, thé
dominance of "hands-on" expertise by nuclear promoters,

the relative absence of public interest group attention to
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utility issues, the "organization-man" outlook of nuclear
personnel, the public's awed fascination with the atom, and
the cold war.

The result of this insularity was a severe
methodological inbreeding (Bupp and Derian 1981,
81,227).13] Kuhn's (1966) study of nuclear manpower
illuminates how a narrowness of scope and sameness oOf
perspective were reproduced within nuclear firms. Written
prior to nuclear's economic problems, the study 1is
generally sympathetic to the industry. It is only with
hindsight that its analysis of manpower policy presages
forecasting errors.[4]}

Repeating the history of raciation hazard
assessment and alternative energy R&D evaluation, the early
nuclear planning context imposed data and methodological
constraints on cost forecasting. The boundries oriented
conclusions towards nuclear expansion. The most important
constraints reflected:

1) The paucity of empirical cost data for 1large
sized reaztors and the proprietary nature of true turnkey
costs. Through 1970 complete cost information was
available for only S5 500+MW plants; Due to data
limitations, the first regression analysis of nuclear
costs was not published until 1974. Information gaps in

areas such as capacity performance and decommissioning
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costs were even larger, allowing promotional claims to
dominate actual experience. |

2) The underestimation of quality control
requirements and the economic significance of existing gaps
in nuclear engineering knowledge. Especially 1mportant was
the neglect of the technical uncertainties a55001ated with
the 500% scaling leap of the 1960's.[5] :b | |

3) The misuse of learning curve theoryl1Cost
reduction schedules appropriate for a mature technology
were applied to an immature one, prOJectlng learnlng galns
across rather than along tasks. Thus though learnlng
did occur in the seventies, it was overwhelmed by the
impact of unanticipated technlcal problems [61] As
demonstrated in Chapter 6, the progre551ve tlghtenlng of
accident prevention standards was the chlef cause of real
nuclear cost increases. Neglect of thlS phenomena was
formalized in engineering studies of expected nuclear
costs that assumed static design requ1renents. o

4) The neglect of anomalous findings Aor data ln
conflict with popular optimism. Little attention; for

, ‘

example, was given to the 1mp11catlons of prlor cost

overruns and the institutional 1nterests of most nuclear

s kS

cost forecasters.
The most general cause for nuclear cost
misestimation was the technology's unexpected loss of OT

status. The latter escalated hazard containment and credit
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costs, reduced requlatory and subsidy support, shifted R&D
funds towards non-nuclear technologies and minimized the
capture of systemwide efficiencies.

Without appeal to the OT framework, the perioad's
oversights and risk-laden investment can appear
anomalous., By 1962, for example, Rand Corporation analyses
had confirmed the common sense notion that cost overruns
are positively correlated with the level of technologlcal
leap attempted (Mansfleld 1968a, 57-58). The suprlslng
aspect of the bandwagon market's scaling effort is not that
unanticipated engineering problems arosef but thet”é~
detailed and optimistic cost consensus emetgediﬁhiehs
required neglect of technical uncertainties;‘: -

The history of this consensus is analyted beiow:'The
discussion chronicles the behavior of overall generatlng
cost projections, with special attention dlrected to plant
construction cost estimates. Subsequent sectlons focus on
cost predictions fer other components of the nuclear
production function. The OT framework is used to examine
how social contexts can determine the economlc meanlng of
uncertainty. This is especially true when future
expectations dominate ex1st1ng data in aetermlnlng economic
forecasts. By focusing on the path character of expectea
nuclear costs, the framework ties cost predlctlons to the

current status of OT competition.
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Q%MMQQ&M
Generating Cost Project ctions

The early character of nuclear power cost studies
éstablished a pattern that persisted until the late
seventies. Technical reports underestimated future
engineering problems, and available warnings about cost
trends were ignored. Economic analyses were almost always
performed by self-interested advocates of nuclear expansion
and frequently served more as marketing documents than
forecasting models.

The overly optimistic ang quickly pulled together
Thomas report of 1946 served as a basis for a number of
early economic studies and significahtly influenced early
business opinion (Mullenbach 1963, 54-55; Kuhn 1966,
21).[7] The more cautious perspective of the General
Advisory Committee (the AEC's chief technical resource)
received less popular attention (Lilienthal 1963, 98-99;
Dawson 1976, 40; Ford 1982, 33-35).[8] similar neglect
greeted concerns about the political-economic
implications of nuclear's negative externalites.

President Eisenhower's geopolitically motivated
Atoms for Peace speech at the UN in 1953[9], and the ©U.S.
bPresentations at the Geneva conferencé on atomic energy in
1955, provided a second round of misleading nuclear
Ooptimism. The latter projected future nuclear costs in the

realm of 1.1-1.3 cents/kwh (Mullenbach 1963). In
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September 1954, AEC Chairman Lewis Strauss urged science
journalists to promote nuclear expan51on; predlctlng
electricity "too cheap to meter" (Ford 1982, 50). V
In the mid-fifties a forecasting consensus emergec
that predicted 1980 generating costs in the range of 1-1.5
cents/kwh. The projections boldly assumed scale and
learning cost reductions of 50% from the already optlmlstlc
predictions for plants then under construction.[10] The
merging of learning curve progectlons and demonstrated
economic performance characterized nuclear%economlcs for 25
years. | | x | | |
In the early‘sirties, 1noustry s‘promotional
forecasts prec1p1tated a third round of short run cost
optimism. In mid-'6él GE and the Pac1f1c Gas and Electric
Company (PG&E) predlcted costs of l 5cents/kwh for thelr
newly announced Bodega Bay plant Assumlng a 90% capac1ty
fiqgure (50% hlgher than nuclear S subsequent performance),
they prOJected als nuclear cost advantage over oil flred
generation (Mullenbach 1963, 69).[11] ) -
In 1962 the AEC released 1ts(much quoted study,
Civilian Nu_lgar B_ﬂer - A Repgrt,tg the,B_es_dent The
document cited'the-convergence of manufacturers cost
estimates 1in the nelghborhood of 1. 4cents/kwh and foresaw

another .1 cent/Kwh decline over the llfe of newly built

reactors due to future fuel utlllzatlon 1mprovements (U..,
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AEC 1962, 33-35).[12]

The first turnkey contract was signed in December
1962 and appeared to confirm ahead of schedule thé AEC's
optimism. Generating costs were projected té be
approximately .9 cents/kwh. Capital costs were guaranteed
at $300/kw and projected to be less than $250/kw (U.S;,
JCAE 1968, 44-45).[13] From late '62 tO mid-'66 13
turnkey plants were sold, at a retrospectively estimated
vendor subsidy of 50% (U.S., AEC 1974b 29; Quirk and
Montgomery 1978, 15; Perry 1977, 37). Building on past
optimism, and the widely read AEC study, the loss-leaders
helped precipitate 72 nuclear orders 1963-1969.

Confirming nuclear’s capture of OT status was the
TVA's 1966 purchase of a GE reactor near Alabama's coal
fields. The plant had predicted capital costs of $250/kw
and projected generating costs of .5 cents/kwh (U.S.s AEC:
1966, p. 17; 1967b, p 76; Fortune 9/66), less thaﬁuone
tenth the constant dollar costs currently expected for
reactors coming on line in the mid-eighties (Komanoff
1984a). The contract was widely accepted as proof of the
coming of age of nuclear power,[l4] and well jllustrates
the merging of promotial prediction and planning data
encouraged by OT dynamics. ;7

In 1968 the first of a new segieé‘bé AEC cost
studies, (U.S., AEC 1968a), lent added credibility to the

turnkey estimates. The study projected capital costs of
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$268/kw and overall generating costs of .85 cents/kwh for
plants under construction (pp. 1-27,1-29, 2-4).[15] While
acknowledging the possibility of regulatory escalation, the
report was hopeful that learning and scale economies, and
duplicate plant sitings could contain costs (pp. 3-1 to
3-3).[16] The AEC's Nuclear Industry serial of 1969
continued this optimism.{17]

By the 1970's experience with the first generation
of full-sized reactor began to contradict early cost
estimates.[18] Non-turnkey plants gradually revealed a
pattern of severe cost overruns. The actual/predicted cost
ratio for mid-sixties' orders was: $120:240/kw for 1965;
$125:240 for '66; $150:365 for 167 and 155:460 for 1968
(historical dollars) (Quirk and Montgomery 1978, 35). The
AEC and industry's forecasting response was a series of
reactive adjustments that always lagged behind current
experience. Even plants in mid-construction suffered
siqniiicant‘escalation from mid-point cost estimates Tto
rate base-on line cost figures.[19]

The industry's ability to neutralize empirical
experience with promotionél expectations 1969-1974
reillustrates the influence of OT status. Typical of the
official response to cost overruns were the learning curve
assurances of M. J. Whitman at the fourth Geneva Conference

on the Peaceful Uses of Atomic Energy in 1971. Bupp and
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Derian indicate, " During the entire first half of the
1970's, this continued to be the conventional wisdom .ee
It actually became the basis for a new surge of reactor
orders ... Literature from both the United Statee
government and the electric utilities industry reflected
conf idence that the causes of initial cost problems were
now fully understood and resolved. Unfortun;teiy, they
were not" (Bupp and Derian 1981, 82; see also Gandara 1977,
2) . [20] S

OT dynamics continued to shield the technology from
negative cost experience until the mid seventles [21] Cost
overruns for the last 35 plants ordered w1ll be well over
200% (Komanoff 1984a, Table 1). -

Tt is difficult to calculate anbaﬁeraoehceoital cosr
underestimation for the OT perlod;%;e official cost
estimates escalated annually. Average non;turnkey capltal
costs expected at time of plant purchase 1963-1974 were
approximately $350/KW. Final on-line costs)(ihciuding

v i .
current utility projections for 34 invprogress plants) are
expected to be 1280/KW [22], representing an average

overrun of more than 250%.[23]

4) Methodological Revisions

While the promotional purpose and insular origins of

AEC-nuclear industry economic analyses were re51stant to

pessimistic revision, the growth of the anti- nuclear
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movement stimulated support for an alternative realm of
discourse.[24] Alongside protest groups, the university
and state government also provided organizational contexts
for rethinking nuclear economics.[25] Writing ln early
1981 Bupp noted, "One might have expected documentation of
these cost increases to/come from ... the electric
utilities that purchase and operate nuclear power plants.
The utilities have the cost data and anecdotal experlence
necessary for such analy51s, nd presumably they would be
ardently interested in learnlng industry cost trends. But
reluctant to buck what my collea;ue, Jean Clauoe Derian,
and I have called the extravagance of prophesy that has
long prevailed among nuclear supporters,land wary about
offerlng ammunition to its CrlthS, the nuclear industry
has produced remarkably little analy51s of 1ts economic
misfortunes. Nor have the 1ndustry s OfflClal government
and acaoemlc Sponsors produced any objectlve analy51s of
nuclear costs. That task has had to be assumed by
outsiders" (Komanoff 1981, p. 1).[26]€" V 7
In addition to generating information, the anti-
nuclear movement establlshed‘its own network of
dissemination. The movement's journals; newsletters,
clipping services, blbllographles, etc., were espec1ally

effective in reproducing on the local level the economlc

analyses developed by the groups' profess1onal and




369

volunteer staffs. Local activists and national
environmental law firms injected the information into
licensing, rate determination, and legislative hearings.t
Demonstrations and teach-ins also attracted media interest
in the material. Eventually anti-nuclear groups gained
credibility as information sources. | |

The impact of Charles Komanoff's work provides a
good il1lustration of the dynamics of "out51der cr1t1c1sm.
Komanoff began his research as a New York City
Environmental Protection Agency analyst Subsequently he
Girected the energy projects of the Coun01l on Economlc
Priorities. 1In the late seventies he establlshed his o;n
energy consulting firm, preparing analyses for anti—nuclear
groups (such as the Environmental Action Foundation), state
bodies (such as the Wisconsin and Kentucky Attorney General

;

offices), and sympathetic journals (such as the B lletin of

Atomic Scientists). His expertise and 1ncreased media

interest in:® non-AEC-nuclear industry perspectives enabled

him to tarnish formerly unchallenged industry claims. TwoO
examples follow. | |

o -

In the mid-seventies, New York City's Consolidated

Edison Company argued. that operatlon of 1ts Indian Point

4

nuclear station had saved 1its New York customers
$95,000,000 in 1974. Komanoff's reanaly81s oemonstrated

that the utility's carefully worded claim compareo the cost

of owning the plant and operating it, with owning the plant
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and not operating it. Had éon Ed built and}e;eraued a
coal plant at the same site, Komanoff's flgures
demonstrated that it could have saved 25% of 1ts Indian
Point costs. [27] : | |

In 1979 Komanoff discredited the AIF's widely
circulated and definitively quoted 1978 study of relative
nuclear and coal generatlng costs.[28] By uncoverlng such'
biases as the non-randomness of theﬁstudy S sample, he
demonstrated how the Forum had transformed a nuclear cost
disadvantage into a 33% cost edge [29] During the
seventies, other antl nuclear research successfully
challenged the demand forecasts justifying new nuclear
capacity. X ~{:; |

The import of increasinu attehtion to "outsider"
economic analyses was slower nuclear expansion. Friends of
the Barth staffer Jim Harding, for example, is credited by
the Investors Responsibility Research Center with shifting
the Sacremento Municipal Utility District away from nuclear
commitments (Olson 1976, 205). 1In 1976, an anti-nuclear
suit led to uhe revocation of the Midland plant's
construction permit on the grounds that inadequate
attention had been given to the relative economics of
conservation. * In 1978 an Environmental Defense Fund
intervention before the California Public Utilities

Commission spurred PG&E to investigate and subsequently



371

promote conservation programs (Stobaugh and Yergin 1979,
141,302).

By the late seventies the nuclear consensus of the
OT period had peen replaced by & sense of uncertainty.[301
In 1984 the Congressional office of Technology Assessment
gave greater credibility to Komanoff's nuclear cost
projections than to the continuing optimism of the

Department of Energy (Office of Technology Assessment 1984,

e

65) . i
. ) 1

5) Non—-Plant gonstruct;on Cost Fa actors:
Actual and Eredlcted Value s 4

The next sections detail the history of cost miseétimation
in non-direct plant construction cost areasy demonstrating
the systemic rather than random character of foreéasting
errors. ’ o
5,1) Capacity QerformggggilLl

The history of capacity performance predicﬁibn
parallels that of construction costs. Earlj AEC and
nuclear industry projections were about 1.3 times higher
than subsequent operating experience. Skeptlcal rev1ew was
instigated by anti-nuclear critics. Untll the nld—
seventies, official opinion was able to dismiss performance
data as either a temporary feature or the “shake-adwn“
years of new plants, or an anomaly that woulovnot

1.
characterize the next round of reactors.
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‘

As Con Ed President Louis Roddis indicated in 1972,
"most 1f notall<ﬂftheeconomicstudiesthatledLNilities
to go nuclear were pased on assumed energy deliverability
of 80% or more" (New York Times 11/9/72).1321 The most
optimistic projections were used in cost calculations for
some of the first commercial sized plants, with Bodega Bay:
for example, projected to operate at a 903 rate and Oyster

Creek at an 83% rate. o

Actual performance has been considerably lower.
Through mid-1980 current market sized plants (800+ MW)
averaged only 54%, while plants of 400-800 MW averaged 66%
(Komanoff 1981, 248)., As in the area of overall generating
costs, various public relations techniques have been used
by the industry to put a better face on the data.[33]

The utilities ability to pass/throﬁgh under-capacity
performances to customers, and the I0U's long run interest
in promoting the growth of nuclear poOwer, blunted their
public and private concern over reliability standards.[34]
The task of reanalysis often defaulted to the anti—nuclear
movement. David Comey (Business and Professional People
for the Public Interst) and Charles Romanoff have been
especially active in this area.[35]

Whether the nuclear industry would have been able to
maintain another decade of 80% capacity forecasts in the
absence of the anti-nuclear movement is impossible to

determine. Official estimates did begin to decline in the




373

mid-seventies, coincident with both anti-nuclear criticism
and the accumulation of operating experience data. An AEC
industry study in 1974 projected a capacity figure of 75%
(u.S., AEC, 1974c, 20). In 1976 an ERDA nuclear
information pamphlet used a 72% figure (House, Committee on
Interior and Insular Affairs 1976, 22). A 70% estimate was
supplied to the House Government Operations Committee by
industry spokesmen during the 1977 "Jyuclear Power Cost"
hearings. A 65% figure is used in the DOE's November '82
nuclear cost forecast and acknowledged as an optimistic
estimate. The report notes that actual performance coulad
fall below 50% (U.S.s DOE-EIA 11/82, 45, 117-118).

Komanoff's current calculations and this analysis
project 60% lifetime capacity rates.[36] This implies a
downward bias of 253-33% during the OT years, due to the
period's average 75%-80% expectation. Since fixed costs
account for about g0% total generating costs, capacity
forecasting errors jowered expected generating costs by
more than 20%.
5.2) Interest During Construction expenses

Two factors have been responsible for the
underestimation of the interest during construction cost
multiplier (1pC),[371] the underestimation of plant

construction aurations, and the underestimation of

financing charges.
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i

AEC construction period projections increased from
42 months in 1960 to 48 in 1967, 52 1in 169, and 60 in
'74.(38] All estimates fell short of the the actual 78
month average for plants completed'71—78, and estimated
94-100+ month average for plants coming on line in the mid-
eighties (Komanof £ 1981, 231, 244; Congressional Office of
Technology Assesment 1984, 63; U.S. DOE-EIA 11/83,
12).139] - “
The main reasons for construction period
underestimation were escalating safety standards,
especially those requiring retrofit adjustments during
construction. Industry inexperience also encouraged
underestimation of the quality control constraints ©On
nuclear projects (Rolph 1979, 126-127). As in the case€
of construction cost overruns, the inéustry sought to
dismiss past peformance with learning curve assurances and
temporary bottleneck explanations.[40] |
The reasons for underestimationlof plént financing
charges were‘largely unrelated to OT dynamics, a8 such
these errors are not included in nuclear forecasting error
calculations. Table 23 reflects what actual nuclear costs
would have been without macroeconomic related interest rate
changes. A small unanticipated interest premium Wwas
attached to some nuclear projects in the late seventies as
a market reaction to the technélogy's declining OT

status.[41l] Failure to anticipate the level of post
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operating jicense retrofits (generally due to escalating
safety requirements) also resulted in an underestimation of
annual capital costs. This effect is sometimes subsumed
under fixed charge rate differentials (Komanof £ 1981, 271).

Combining the impacts of underestimated construction
guration, and OT related interest rate errors ylelds en
IDC forecasting error of 4.5% for plants in operatlon by
178 and 10.1% for plants coming on line in the mid-
eighties. The OT related underestlmatlon of flxed charge

rates also yields a 49 underestimation of average dlrect

construction costs 1963-1974.[42]

5,3) Fuel cycle cost underestimation

The fuel cycle can pe divided into 3 parts: the
front end, composed of uranium mining and milling,
enrichment, and fuel fabrication; the middle, comprising
reactor fuel consumption; and the back-end, involving
possible reprocessingy and waste disposal. Cost

underestimatign has characterized all steps.

5,31) Front end fuel cycle coskts: gr_enlsim
prices. The major expenditures of the front end are
uranium ore and enrichment costs. rhough 51gn1f1cant
uncertainty has always existed about the level of uranium
reserves and their cost of extraction, most estlmates untll

the early seventies 1implied lifetime reactor costs of less
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than $12-$19.1b.[43] Beginning in 1973 uranium prices
increased noticeably, reaching $50/1b on the spot market in
'75-'76 (Komanoff 1981, 262). Early 1980s estimates for
'85-'95 were in the neighborhood of $31/1b (U.S., DOE-EIA
11/82, 56).

The failure of the nuclear industry to anticipate
the doubling of ore costs in the seventies reflects the
early character of the nuclear planning context and the
logic of OT dynamics in several ways. The promotional
Character of fuel reprocessing and breeder reactor studies
led to unjustified optimism about the processes' imminent
commercialization and ability to reduce demand pressures on
uranium ore (Bupp 1977, 311). Alongside underestimating the
cost of containing the processes' environmental and health
hazards, early projections neglected the implications of
associated proliferation problems.[44]

OT dynamics also led to an underestimation of the
cost of coﬁtaining radiation hazards in uranium mining and
milling. Regulatory escalation has, for example, required
improvement in mine ventilation systems, open pit mining
procedures, and mill tailings disposal.

The above factors driving uranium prices upwards
were reinforced by the DOE's decision to stockpile enriched
uranium in the mid-seventies, and the formation of a
uranium producers cartel. Though reference to the latter

has been used by Westinghouse as a legal justification for
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abrogating 1its utility supply contracts, sSORE recent
analysis suggests that the cartel had only a minor effect
on the U.S. market (Groundswell 9/80, 9).

FEarly eighties $31/1b. uranium cost projections,
imply a 100% cost increase for reactors purchasing ufanium
after 1975 or a cost of 2.4/kwh.[45] Since many OT period
plants enjoyed long term uranium contracts under earller
prices, we shall assume an average cost of $23/lb or al
M/kwh underestimation. M | |
Enrichment Costs

Cost projections during the OTrpériod also
underestimated fuel enrichment prlces. As late as 1968 the
AEC assumed an erlchment cost of $52 per “separatlve work
unit" (SWU) (U.S., AEC 1968a, pp. 1-17,5- 71) By the early
eighties actual costs had risen to more than $100/SWU and
expected costs to $111/SWU for '85* 959 (U.S., DOE EIA
11/83, 56). Fallure to anticipate érlcé lncreasés in the
cost of electricity (amounting to 60% of enrichment costs)
and reduced government subsidy levels, were priﬁérily
responsible for forecasting errors (Komanoff 1981 264).

Assuming average enrichment costs of $76/SWU for OT
period reactors and a p;edicted cost of $52/SWU, yields an
OT cost underestimation of .7 M/kwh.[46] o |
Fuel Mapufacture

Fuel fabrication costs were expected to decline
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dramatically over the life of OT period plants, due to
learning curve and scale economies. In 1968 the AEC
foresaw reductions from $158/kg or 1.35 M/kwh in 1870 to
$62/kw or .52 M/kwh in 1990 (U.S., AEC 1968a, pp. 1-29, 5-
83). While costs through the early seventies appear to
have behaved as expected, qurrent estimates foresee a
$140/kg cost in 1990 (U.S., DOE-EIA 11/82, 56;@Komanoff
1981, 264-266). Projecting average expected costs of 8
M/kwh yields an OT cost underestimation of .1 M/kwh (U.S.,
DOE-EIA 11/82, 56; Komanoff 1981, 266). o

5.32) Middle fuel gyélsz _Q_Qﬁ_t-_éj_ reactor fuel
consumption. The chief areas for cost estimation during
this stage of the fuel cycle are the "burn" (the level of
heat produced per unit of uranium), and the "heat-rate"
(the amount of electricity produced pér BTU of heat).
Together they allow calculation of a "conversion ratio",
expressed in kilowatt hours per kilogram of enriched
uranium (kwh/kgﬂ

Through the late seventies the utilities used the
vendors' design "burn" estimates in their cost projections.
Actual performance appears to have fallen 15%-25% below
predicted values (Komanoff 1978, 134-136; Lanoue 1976, 65;
Berger 1977,152). Among the reasons for this decline are
technical problems with fuel clédding leakage and poor
plant capacity performance.. The latter often réquires

fuel rod discharge for scheduled refueling before full
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utilization (Komanoff 1978, 134-136).

In the late seventies reactor "heat-rates" were
about 8% worse than predicted.[47]

As a result of disappointing burn and heat rates,
the conversion ratio of operating reactors through the
seventies appears to have averaged only 65-75% of the
expected 240,000 rate./ Assuming improved fuel
utilization over the life of 1963-1974 plants (Komanof £
1981, 266), yields a 10% average coversion rate shortfall.

The focusing of public attentioh on conversion
errors was often the product of anti-nuclear activist
ef forts. [48]

ack—end fuel cycle cost misestimation: W st

B XA, A N D e s 28 AL

o

5.33

[tV

|

3

disposal. A familiar pattern of official neglect, 0
optimism, anti-nuclear novement criticism, and cost
estimate escalation characterizes waste disposal
projections. Reflecting AEC and nuclear industry
promotional priorities, relatively little attention was
given to waste 1issues until the mid-seventies. The
Congressional Office of Technology Assessment concluded in
1985, "An illusion of certainty was created ...
technological optimism embedded itself in the attitudes and
thoughts of importanf agency policy makers. . It becamé, in
a sense, an official doctrine at AEC (202)."

Industry and Commission spokesmen repeatedly

T —————————)
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minimized the uncertainties surrounding waste disposal.
Their optimism helped induce New York state to agree to
assume perpetual care liability for W. R. Grace's West
Valley reprocessing project, should the company encounter
unexpected technical problems and withdraw from the market.
As a safeguard Grace was required to post a $3.7 million
bond for funding decontamination expenses. Recent clean-up
cost estimates have ranged as high as $1 billion (New York
Times 9/19/81 p. 26). Testifying in 1977, Peter Skinner of
the NY State Attorney General's Office said, " New York
State originally welcomed the so-called back-end of the
nuclear fuel cycle ... It has taken 14 years for us to
realize this early optimism, urged upon us by industry and
the Federal Government ... had no basis" (House, Government
Operations Committee 1977, 757).
In 1971 the AEC predicted waste disposal costs of
.05M - .09M/kwh (Dawscn 1976, 145).Significant efforts
were &ade to manage the information environment about
nuclear waste in order to maintain the credibility of such
claims. Berger reports, for example, that "A 1968 General
Accounting Office report which found numerous defects in
the AEC waste management program was classified and kept
from the public until 1970. The earliest warning, a U.S.
Geological Survey report on groundwater ét Hanford, was

kept classified until 1960 and was not published until

1973. A National Accademy of Sciences study concluding
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that AEC waste management practices were unsafe was
supressed from 1966 to 1970, until Senator Frank Church of
Idaho compelled its release" (Berger 1977, 100).

Because the specifics of waste disposal
techniques have not been established, cost estimates have‘
had a very general air to themn. Typical is theﬁFord
Foundation's conclusion of 1977. "The exact costs of the
'back-end' of the fuel cycle are not vet clearly defined;
However, enough information exists to conclude that they
will not contribute substantially to the cost of
electricity .... we have estimated these costs at about .4
mills/kwh ['768] ... This estimate is probably uncertaln
+/- .2 mills/kwh" (Ford Foundation 1977, 122). ‘

Beginning with the Lyons, Kansas depository protests
in 1971, the anti-nuclear movement began to turn its
attention to the waste issue. By the end of the seventies
cost estimates more than fifteen times the'AEC's 1971
projectionstwere offered by a group of former{huciear
industry~-government engineers (U.S., DOE-EIA 2/81,-5@). In
'76 the EPA's top radiation official acknowledged that
serious attention to disposal questions had just begun.
He tied the new interest to public pressure (Wall,ﬁ;;ee;
Journal 7/26/76).

By 1979 the Ford Foundation had doﬁbled/ifs 1977

waste disposal cost estimate (Ford Foundation 1979, 419).
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The DOE increased its pack-end fuel cost projections from

2.5% to 4-5% total generating costs in 1978 (New York Times
3/16/78). Projecting this escalation into the futurée, this
analysis assumes a 1.85 M/kwh waste disposal cost, 1mply1ng
an OT period cost underestimation of 1.75 M/kwh.[49] ‘

Two recent government decisions shifting waste
disposal cost uncertainties to publictshouldets
reillustrate the OT framework's explanatlon for why cost
underestimation occurred. In early 1981, the Reagan
Administration agreed to share responsxbllty for thep
disposal of high level radioactive waste from Three Mile
Island. In 1977 the Carter Admlnlstratlon proposed
government assumption of all power plant hlgh level waste
at fees reflecting mid-seventies cost progectlons.
Decommissiogiag[SO] ;f/ ‘ o

Until the mid-seventies there waleittle ihfotmatioh
available for estimating decomhisSionihg costs.
Government spokesmen WwWere forced to tely on AIF cost
figures in 1977 Congressional hearings due to the absence
of completed AEC cost studies. Practlcal experlence was
virtually non-existent. | B

Reflective of nuclear power's OT status was the
optimistic belief ‘that inexpensive decomm1551on1ng
technigues would be found. In addition 1t was assumed that
public funds would "bail-out" facilities' owners should

Gecommissioning expenses be significantly greater than
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expected.[51] In an apparent effort to bolster nuclear
power's jnitial cost competitiveness, the AEC and NRC did
not require utilities to include decommissioning costs in
rate charges Or to post bond to insure furure
decommissioning capabilityJSZ] o
Until the mid-seventies decommissiooioo tssks were
judged sO insignificant that acknowledged uncertainties
were ignored in economic analyses. The AIF's widely cited
1976 study served to reinforce this optlmlsm, projecting
costs of $6.5 million for mothballing, $ll 5 - $15 mllllon
for entombment and $45.5 = $52.5 million for dlsmantllng an
1150MW reactor (House&, Government Operatlons Committee
1977, 427). The recommended procedure, s hybred
entombment-dismantling, was predicted to cost $23 5 mllllon
- $27 million or about $23/KW. Based on these floures the
NRC projected a .05M/kwh decomm1551on1ng cost (house,
Government Operations committtee 1977, 391). “
Displaying an air of relaxed conf1oence,<NRC
spokesmen clifford Smith assured the House Government
Operations Committee in 1977, "The decomm1551on1ng of
nuclear reactors has been relatively well developed and 1is
routinely considered in the llcen81ng process {329).
Characteristic of an OT frame of mind, he added, It should
pe mentioned that advances in technology mlght 1mprove rhe

economics of decommissioning” (335).



384

The official optimism of the AEC-NRC and nucleat
industry strongly influenced "independent" cost analyses.
The Ford Foundation's influential 1977 report, Nuclear
Poyer: Issues and Choices, for example, gave virtually no
attention to decommissioning costs. The Massachusetts
Energy Policy Office and Arthur D Little nuclear cost
studies of the mid to late seventies merely adopted the
AIF's figures, as did many utilities. | | |

Once again, however, preliminary researcﬁ :end‘aeti?
nuclear movement criticism have begun to push e;timatee
upwards. As early as August 1975, Friends of the Earth
analyst Jim Harding projected an $80/KW decomm1581on1ng
cost. In December of 1977 Peter Skinner, of the New York
State Attorney General's Office, foresaw costs 7- 34 tlmes
ERDA's estimates, based on the state's traumatlc experlence
with the West Valley clean up (House, Government Operatlons
Committee 1977, 808). In 1980 a DOE study found $125/KW
to be "representative of the most current dismantliﬁé
assessmentg" (U.S., DOE-EIA 5/80, 172). The latter figute
translates intoc a 1-3M/kwh decommissioning cestjrdepending
on financing mechanisms (U.S., DOE-EIA 5/80, 173). -

Dr. Marvin Resnikoff's work helps to uncdter<the\OT
dynamics behind this pattern of estimate escalation. It
demonstrates anew how the insularity and’pteﬁotioﬁai
purpose of early AEC-NRC-industry decommissioning';nalyses

encouraged a selective misperception of uncertainty.
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Resnikoff questions, for example, the legitimacy of past

studies' linear extrapolations from test reactors to
commercial sized plants, citing a case where the scallng
exercise altered the nature of the dismantling problem.[53]

His research also found that a previously neglected

radioactive nickel proouct in reactor 1nfrastructures

P

would require much more complex hanollng than officially
sy I : 1

assumed.[54] Resnlkoft comments,".n there 1szaneed
for an independent evaluation of the nuclear 1ndustry.
Because of the 'old boy' network that ex1sts, dec181ons——
very costly de0151ons—-are belnggmade based on 1ncomplete
information. When iour undergraduate englneerlng students

and myself can flnd what tens of thousands of techn1c1ans
in industry and the federal agenc1es have mlssed concernlng
decommissioning, somethlng is not right" (House, Government
Operations Committee 1977, 261). ﬁ | L

Further work\by Pohl’and Stephens, concerning’ trace
elements, trevealed greater uncertainties about the likely
radioactive conditions‘in a 30 year old commercial reactor
than previously progected from decomm1551on1ng experience
with a 6 year old test reactor (House, Government
Operations Committee 1977, 231). Their findings suggest
that more expensive burial procedures than the surtace

techniques recommended by the AIF study w1ll be necessary

(247) .
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As with the remainder of the nuclear cycle;,
escalating safety standards have also increased
decommissioning costs. In place of earlier decommissioning
analyses, which suggested that mothballing ané entombment
be considered viable decommissioning options, = ERDA's
assistant director for nuclear programs, Robert Ramsey.,
noted in 1977, " The only politically acceptable solﬁtion
is to dismantle the reactor and go bury it"‘(House,
Government Operations Committee 1977, 1707). . A 1977 GAO
report, highly critical of previous government
decommissioning policies and studies, concluded, "If the
historical trend for radiation standards continues, then
the rules that we now use to govern decommissioning and
decontamination will likely be considered unsafe years from
now" (House, Government Operations Committee 1977, 1556).
Costs would be expected to increase commensurately. This
view is echoed in a 1980 DOE-EIA study (U.S., DOE-EIA 5/80,
172). :

Utilizing a DOE-EIA mid-range estimate of
decommissioning cost projections (1.3/kwh) implies an OT

period underestimation of 1.25M/kwh.[55]

6) Qperatigg'gng Maintenance Costs

£

As might be expected, the dynamics which escalated
costs for the rest of the nuclear fuel cycle affected

operation and maintenance {(O&M) costs as well. The latter
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increased at a 12% real rate 1975-1980 (U.S., DOE-EIA
11/82, 45-46). New NRC regulations, for instance, imposed
tighter plant security requirements and increased
maintenance activities (U.S., DOE-EIA 5/80, 179). There
were also pressures for reduced worker radiation exposure
(U.S., DOE-EIA 5/80 176). As 80%-90% of nuclear operating
and maintenance expenditures are independent of output
levels, nuclear's lower than expected capacity performance
also increased per kilowatt hour Os&li costs (U.S., DOE-EIA
11/82, 45). 1880's average nuclear O&lM costs of 4.75
Fi/kwh were approximately twice the figure expected in the
mid~seventies (Ford Foundation 1977, 126; U.S., AEC 1974c,
20; House, Government Operations Committee 1977, 391) and
about 5 times the constant dollar value of the AEC's 1971
estimate of .85 N/kwh (U.S., AEC 1871a, 91). Due to public
and regulatory reaction to the THMI accident, it is likely
that real O&M price increases will continue.

Asquming lifetime OT reactor O&lM costs of Sk/kwh
implies a OT period cost underestimation of 4 #/kwh

(Komanoff 1981, 267).

1) Summary: QT Dynamics and Cost Underegtimation

As Table 23 ihdicates nuclear generating costs were
underestimated by an average of 24 mills per killowatt hour

1563~1974. Plant capital costs were under predicted by 15
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M/kwh, decommissioning costs by 1 M/kwh, fuel costs by 3.5
M/kwh, and operation and maintenance costs by 4 1M/kwh.
Holding real interest rates constant, actual generating
costs exceeded expected costs by more than 250%. -

Capital costs for plants coming on line in the mid-
eighties will exceed the optimism of the mid—sixtiés by
600%. Real per kwh capital cost charges will be more than
1200% than expected if interest rates are not held
constant. Underestimation characterized all areas of the
nuclear production function and reflected the logic of OT
dynamics.

Pursuing OT status for nuclear power and oligopoly
market shares, the AEC and reactor vendors promoted
excessive nuclear cost optimism. The utilitieé and their
consultants accepted these estimates with minimal reviewv.
The latter reflected many factors: (1) "active-firm" growth
strategies, (2) expected regulatory insulation from severe
penalty for potential plant cost overruns or poor
performanée, (3) deference to self-fulfilling prophecy
dynamics, (4) traditional utility reliance on vendor
technical judgement and, eventually, (5)‘bureaucratic
momentum and {(6) an accrued-interest in sector expansion.

The period's translation of promotional forecasts
into planning data was facilitated by é number of
ideological and institutional variables. These factors

insulated early cost analysis from critical review,



389

facilitating both internal and external deception. Among
the most important were: the cold war, the lack of public
interest groups in the utility £field, and the huge
promotional resources available to the AEC and nuclear
industry. -
As in the hazard assessment area, the early nuclear
planning context generated a forecasting’environment
marred by data gaps. constrained methodologiesAand
inattention to anomalous information. Table 24 summarizes
these factors. Especially important was the neglect of
potential guality control prcbleﬁs and hazard containment
cost escalation. The misuse of 1eérniﬁg curve theory and
neglect of diseconomies of scale in = capacity performance
also proved costly. Since many nuclear orders in the
sixties were justified on the basis of cost advantages of
less than 2 M/kwh (Perry 1977, 37), forecasting errors were
central to nuclear's expansion. o ’ ?
De'spite the accumulation of contradictory
information, the industry and AEC maintained cost optimism
through the early eighties. {Upward adjustments
persistently lagged behind actual costs. As 1in other
areas, forecasting revision was sp;érheaded by nuclear
critics. _ - * ‘

It is difficult to assign guantitative measures to

the different reasons for cost underestimation. It is
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possible however to draw order of magnitude conclusions.
Non-turnkey plants ordered in 1965 and 1966 were expectea
to cost approximately $250/kw. They eventually cost $475-
500/kw.[56] Up to one-half this difference was the produét
of the vendors' loss-leader marketing strategy. Thé
remainder reflects the insular environment 6f éarly cost
analyses which led to an underestimation of the hucléar
task. | o i

Recent DOE-nuclear industry projectioné féiésee
capital costs in the neighborhood of $1400/k§ féf plants
coming on line in 1995 (Congressional OfficewofrTeéhhology
Assessment 1984, 67; U.S., DOE-EIA 11/82, 113). The
$900/kw escalation from the actual costs of plants on-line
in the early-seventies, reflécts the impact of escalating
safety standards.

Holding market interest rates at '71-'78 levels, the
utilities currently project capital costs of 1900/kw for
plants coming on line in the mid-eighties. The $500
addend totthe DOE figure reflects: the inefficiencies
imposed on current plants by retrofit response to
regulatory escalation, the non-capture of learning curve
and standardization induced scale efficiencies assumed for
future plants and, probably, a residual promotional bias in
DOE expectations. |

All of the factors responsible for cost

misestimation, loss leader pricing, insular biases towards
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task underestimation, misestimation of regulatory
standards, and rivalry induced construction inefficiencies,
reflect the history of nuclear's OT dynamics.

The pervasiveness of misinformation during the OT
period about nuclear hazards, nuclear costs and
alternative R&D prospects, ijllustrates the diécourée
creating capacity of planning contexts. BY uncovering
similar patterns of behavior in diverse technical fields,
the thesis has sought to demonstrate the impact of social
variables (i.e. planning context defining variables) on

technology assessment and technical change.
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TABLE 23

NUCLEAR PLANT GENERATING COSTS: PREDICTION
AND PERFORMANCE 1963-74(1) : \

('79 Mills/kwh, assuming constant real interest rates)

Expected Actual(2) Actual(3)
Costs Costs Costs on-
1963-1974 1963-1974 line mid-80's
Overall generating 9.40 33.35 ¢ 54,15
costs 7
Capital Costs(4) 4,9 e 20.1 z. 38.1
S /KW 350 . . 1100 - . 1904
capacity rates 75% ’mlika 60% 60 ..
fixed charge o 3% . .. 1.0%
interest rate
differential (5)
Decommissioning Costs }\.05 ‘ @ ‘\\1.3§5: '>V 1.30
Fuel Costs(6)  3.45 6.95 _ 8.25
uranium costs(7) 1.50 2.40 Q;:: o 3.00
enrichment costs(8) 1.10 ‘~\l.80,*;‘ - 2.50
fuel fabrication ‘ ‘ | -
ang conversion 7 .80 90 .90
conversion ratio 240,000 220,000 240,000
back-end cost ‘ 05 -« 1.85 . 1.85
Operation & Hﬁl.OO 5.00 ~ 6.50

Maintenance

1) Per estimating procedures described in text. :
2) Actual costs for plants ordered '63-'74 based on
current estimates. Totals include projections for the 34
plants scheduled to come on line in the mid-eighties, per
Komanoff 1984a.
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TABLE 23 Notes Continued

3) Actual costs for plants coming on line in the mid-
eighties based on current projections per Komanoff 1984a.

4)Capital costs assume constant real market interest rates
of 2.8% in order to avoid confounding nuclear cost
increases with non-nuclear factors. Use of historical
financing charges increases average capital costs '63-'74
to 1280 /kw. Mid-eighties' costs similarly rise to
2225/kw. : :

5) A .25% fixed charge rate differential has been added to
163-174 capital cost calculations to reflect nuclear's
experience of higher than expected interim investment
requirements. A .05% addend has also been included to
reflect minimally higher risk premiums. The latter
increases to .7% for plants coming on line in the mid-
eighties. See Chapter 8 section 6 for further discussion
of risk premiums. P

6) Fuel costs include financing charge & assume no
reprocessing. AS almost all pre'75 cost analyses assumed
positive values for nuclear waste, this assumption biases
misprediction measures downward. ; ; e :

S

7) Per kilowatt hour expected uranium cost calculation
assumes: $15/1b. uranium, 16.6 lbs. uranium/kg enriched
uranium, 240,000 kwh's/kg enriched U, and fuel carrying
charge of 40%. Acotual uranium cost calculation for
1963-1974 plants assumes: $23/1b. U, and 220,000 kwh/kg
enriched Uranium. -

Actual uranium cost calculation for plants due on line
in mid-eighties assumes: $31/1b. U and 240,000 kwh/kg
enriched uranium.

8) Expected enrichment cost calculations assume: $52/SWU,
4 SWU/kg U, 240,000 kwh/kg enriched uranium and a fuel
carrying charge of 30%. o -

Actual enrichment cost calculations for 1963-1974
plants assumes: $76/SWU and 220,000 kwh/kg U.

Actual enrichment cost calculation for plants due on
line in mid-eighties assumes: $111/SWU, 4.2 SWwu/kg U, and
240,000 kwh/kg U. Lo -
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DATA
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A SOCIOLOGY OF NUCLEAR COST INFORMATION

QT Years

Lack of significant empirical
data re: plant construction
costs, capacity and fuel
performance

Absence of true turnkey costs

Inattention toback-endcosts

METHODOLOGY

Static engineering-based
cost models

Use of Mature technology
learning curve parameters

Inattentiontocapacity &
conversion rate factors

Neglect back-end costs

Assumption of breeder-
reprocessing backstop
for uranium costs

3
SOCIAL MEANING

Popular acceptance of nuclear
industry-AEC promotional cost
estimates

Closure of JCAE-AEC forums to

pessimisticecohomic testimony

Expected utility insulation
from cost—-overrun, poor
performance penalties

Protest Year

Accumulation of
cost overrun &

poor performance
data s -

Protest movement
induced attention
towaste issues

Dynamic forecasting

with regulatory

escalation

Negative learning
coefficients

Attentionto capacity

s conversion rate
factors - :
s " £ . N
Inclusionback—endr
costs . ‘.

Suspension ofback-
stop assumption

Anti-nuclear
pressure for atten-
tion to empirical
cost experience

Increased attention
tonuclearcost

skeptics

Increasing regulatory

penalty foxr poor

nuclear performance




CHAPTERVII

NOTES

1. See Chapter 3 sections 3.2 and 3.3.
2. See Chapter 3, sections 3.41-3.42 and 4.2-4.3.

3. For example, Bupp and Derian write, "Beginning in 1957,
the Joint Committee on Atomic Energy held annual public
hearings on the 'development, growth and state of the
atomic energy industry'. The voluminous record of these
hearings is an impressive monument to the mutually
reinforcing government industry capacity for self-
deception" (Bupp and Derian 1981, 227). Elsewhere they
add, "In all the official, quasi-official, and private
studies, reviews, symposia, conferences, hearings and
reports on the economics of light water reactors between
1965 and 1975, only Sporn expressed any sustained
skepticism" (81).

4. RKuhn (1966) celebrates the "practicality" of industry
planners in contrast to the aesthetic curiousity of
academic scientists. His depiction, however, also
describes men who were unlikely to challenge the
conventional wisdom. Describing the vendors' staffs, he
writes, "They were company men, trained to respect costs
and schedules. Research was subordinated to practical
engineering and the short run view of the project
superseded any long run development perspective ... (the
men) were used to business discipline and willing to submit
to it. Those who did not measure up moved to other
positions in the company or to other organizations" (89).
Of the utilities he writes, "[Management] wanted men who
intimately knew company standards and procedures ... They
were old énough to be familiar with the utility business
and to accept its values and outlook ... In every company
the engineers chosen for training were looked upon as the
most likely candidates for future managerial positions”
(Kuhn 1966, 149).

Summarizing his observations, Kuhn highlights the
importance of frames of reference in technology assessment,
"The policy followed in making the initial selection of
personnel to work in a technological area can be critical.
The men called upon as advisors or used as managers and
employees can determine the pace and direction of an
organization's attack upon, and use of, a technology,
fixing the perspective in which it is seen ... A developing
technology appears to be in part an artifact of the men

395
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used by a company to work in it, not simply an objective
body of knowledge ... Business managers and government
officials might wisely recognize that in employing men,
they obtain expertness and skill which are, however,
accompanied by values and outlook not readily visible...."
(98). Unbeknownst to Kuhn, the nuclear industry's
absorption of the promotional attitude of the AEC and -
vendors was to plague its economic analyses for the next

two decades. (See Chapter 3 section 3.41.) :

5. For example, besides ignoring the problems posed by the
accumulation of a greater volume of radioactive materials,
scaling optimism neglected the extra piping, valve, and
welding burdens that nuclear's low temperature-low
pressure-high quantity steam implied for larger reactors
(Hellman and Hellman 1983, 11-17; Perry 1977, 34).

6. For example, Komanoff's (1981) regressions suggest that
learning reduced plant construction costs by an estimated
13% 1971-1978 (200). The redress of unanticipated
technical problems, however, increased costs by 155% (22).
Using cumulative years of sector operating experience as a
proxy for “learning by doing" (which should reduce costs)
and de facto safety R&D (which could increase coststhrough
discovery of neglected hazard routes), Komanoff created a
dynamic learning variable. It had a negative sign and
proved statistically significant at the 93% level (206-
207). - :

/'/
~

Mooz (1979) also found modest evidence of construction
cost learning (p. V). Hellman and Hellman found minimal
capacity rate improvement over time, though they do not
appear to have controlled for changing regulatory
conditions (Hellman and Hellman Chapter 4). - S

7. Widespread, press accounts celebrated the atom's civilian
potential, and by the late forties 1t was popularly
thought that private enterprise could develop competitive
nuclear power within a few years (Mullenbach 1963). The
main impediment to cheap nuclear energy appeared to be
government constraints on private access to nuclear
information (Dawson 1976, 231). Economists often
incorporated official optimism in planning models. A
1947 article in Econometrica, for example, foresaw nuclear
costs of about 1 cent/kwh ('798) in the sixties (Isard and
Whitney 1952, 30). L )

8. Similarly subdued conclusions, however, were reached by
the first private studies with access to classified data,
the Industrial Participation studies of the early fifties.
Only dual purpose reactors, with significant revenues from
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both electricity and weapons grade plutonium sales, were
predicted to be economically competitive in the near term.
Despite the AEC's rejection of such joint product
scenarios, and the report's identification of serious
obstacles in the way of single purpose reactor
profitability, the studies were taken as further
endorsements for rapid commercialization (Mullenbach 1963,
55). 5 :

9. Recall Mullenbach's claim that the speech was written
without technical input from the Commission, and exceeded
even the AEC's optimism (Mullenbach 1963, 270-71, 16).

10. In 1956 the staff of the McKinney panel projected 1980
generating costs ranging from 1.3-1.6 cents/kwh (Mullenbach
1963, 59). 1In 1958 the National Planning Association's
Nuclear Energy and U.S. Fuel Ecopomy study cited a rough
consensus among scientists around long run costs of 1-
1.2cents/kwh (p. 50). The latter figure was approximately
50% of the projected costs for the 3 private reactors then
under construction. SR » S S

11. Commenting on the specious precision suggested by such
comparisons, Harold Orlans reported in a Brookings
Institution study, "Some of the assumptions upon which
these calculations are based are so gross, the decimal
places are a 'joke in the fraternity', one reader observes"
(Orlans 1967, 47). oL f -

12. The report concluded, "Nuclear power is on the
threshold of economic competitiveness and can soon be made
competitive in areas consuming a significant fraction of
the nation's electrical energy; relatively modest
assistance by the AEC will assure the crossing of that
threshold and bring about widespread acceptance by the
utility industry" (U.S., AEC 1962, 34). . . o

The Commission predicted capital costs of $289/kw and
generating costs of .9 cents/kwh for plants coming on line
in 1980 (U.S., JCAE 1968, 226-227). Existing fossil fuel
costs were in the neighborhood of 1-1.5cents/kwh and
falling. . T 2 . Ry T L

13, Capital costs of $222/kw were anticipated, but not
guaranteed in the contract (U.S5., JCAE 1968, 45; Bupp and
Derian 1981, 43). Capital costs for all 13 turnkeys
averaged $250-275/kw, roughly one half the vendors' costs
(Perry 1977, 35, 37).

14) The AEC (1966) reported, "1966 will be remembered as

the year in which the atom became economically competitive
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... This was demonstrated most forcefully with the
announcement of the selection of nuclear power by the
Tennessee Valley Authority for a plant in the Southeastern
United States which is near a location of major coal
fields." ;

Julian Gumperz reported in Financial Analysts Journal
"Events during the early weeks of 1966 confirm ... that
nuclear power generation is now competitive ... It seems
appropriate therefore to regard the establishment and
expansion of nuclear energy... as assured" (3-4/66). Oak
Ridge director Alvin Weinberg opined, " Nuclear reactors
now appear to be the cheapest of all sources of energy ...
It is this nuclear energy revolution, based upon the
permanent and ubiquitous availability of cheap nuclear
power, about which we shall speculate..." (U.S., JCAE 1968,
5). Electrical World's editorial foresaw generating costs
of less than .9cents/kwh and added, "Competition has
spurred a revolution in energy economics. In doing so, 1t
has completely vindicated the atomic expert who in 1954
predicted economic nuclear power within a decade" (5/2/66
p. 29). o o ‘
15. Two other commonly cited studies of this period, Little
(1968) and an Ebasco Services report in 1969 echoed similar
conclusions. The Little study foresaw mid-seventies
generating costs in the range of 11 M/kwh (p. 12), while
Epbasco Services predicted capital costs in the area of
$300/kw (House, Committee on Interior and Insular Affairs
1979, 226). » o o

16. One of the most optimistic learning forecasts was
offered in August '68 by James Lane. At an AEC co-sponsored
symposium, the Oak Ridge scientist foresaw scale and
learning curve efficiencies reducing nuclear capital costs
to $92/kw by 2010. (Lane, "Rationale for Low Cost Nuclear
Heat and Electricity", "Abundant Nuclear Energy" Symposium
8/26-29/68 Gatlinburg Tennessee.) - - S

17. The AEC report declared " It is anticipated that
reductions in cost will occur in the future for nuclear
plants, due to the following reason: construction
experience should minimize delays that have been
experienced in the past, operating experience should
provide additional assurance of the safety of operation,
and manufacturing experience and expanded capacity of
suppliers should relieve their tremendous backlog of work"
(U.S., BAEC, 1969b, 130). . o

18. The first two modern sized plants (400+ DMW),
Connecticutt Yankee and San Onofre, were completed in 1967
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at announced costs of roughly $340/kw and $475/kw
respectively, reputedly in line with official learning
curve expectations, There is now speculation, however,
that actual costs were significantly higher than reported
costs due to the turkey terms employed. Quirk and
Montgomery (1978), for example, note that the AEC's 1974
cost study (U.S., AEC 1974b) implied costs 62% higher for
Connecticut Yankee and 35% higher for San Onofre, (though
the estimating model does not appear too reliable) (p 15).

19. Projected costs for plants ordered '68-'70, for
example, increased nearly 50% in real terms from '72-'76
(Quirk and Montgomery 1978, 24).

20. The AEC and vendors' promotional optimism was echoed in
numerous planning and policy studies. For example, a
European Commission reported in 1972, " For power plants
ordered during the first half decade of the 1970's, there
is every reason to expect that at constant dollar values,
there will be a stabilization of prices at the 1969 to 1970
level. During the end of the decade prices should take a
downward turn. There is no doubt that the above mentioned
factors causing the high increases in capital cost in
recent years will gradually be brought under control and
that numerous uncertainties will cease to exist"” (Bupp and
Derian 1981, 89). While past errors of optimism were
acknowledged in AEC-industry cost analyses, new claims of
competitiveness and cost stabilization were made. - A 1974
World Bank paper assured planners, "Current cost estimates
are thus likely to be more reliable than was the case in
the past, a view supported by contracts presently being
executed (House, Committee on Government Operations 1977,
1738). The Ford Foundation's (1977) influential Nuclear
Power Issues and Choices study concluded, " Despite this
disconcerting record [i.e., past mispredictions], there
seems to be convergence on estimates of future capital
costs and some reason for optimism that cost escalation and
uncertaintyt can be alleviatea" (lll). Based on projections
by 6 utilities, 3 nuclear engineering firms, and aspects of
AEC material, the study predicted a stabilization of
capital costs in the neighborhood of $807/kw. . e

21. Such was the case in 1975, for example, when the EQH
York Times reported a belated acknowledgement by the
president of the Atomic Industrial Forum that "overly
optimistic expectations about the potential of nuclear
power were created during the 1950's by the unrealistic
claims of various competing reactor manufacturers" (New
York Times 11/16/75 p. 1). Such was the case in 1979, when
6 months after the Three Mile Island accident, and amidst
mounting pressures for regulatory upgrading, Westinghouse
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assured skeptics that nuclear power Wwas achieving
"regualtory maturity" (Electrical World 12/1/79, pp. 20~
21) .

22. Cost expectations tally $1100/kw if 171-'78 real
interest rates are used in place of experienced financing
charges, as the latter were increasing in the late
seventies and eighties. :

93. Average expected capital costs pased on projections
listed in Table 22 and purchase years per Komanoff 1981
294-297, Komanoff 1984a mTable 1, and AEC 1974c Table 1-1.
Actual costs for reactors on line through '82 based on
utility mixed current dollar reported costs (Komanof £ 1981,
294-297). Post 1982 plant costs based on Komanoff constant
dollar calculations. Costs include real IDC (Komanoff
1984a Table 1).

24. BAmong the key "movement" groups generating alternative
economic information were: Komanoff Energy Associates, (see€
pPower Plant Cost Escalation): Business and professional
people for the public Interest, (see pavid Comey's "will
Idle Capacity Kill Nuclear Power?"); the Environmental
Action Foundation, (see Richard Morgan's Nuclear Power:
The Bbargain We can't Afford and the group's periodical
power Line); the Environmental Defense Fund (see W. R. Z.
Wiley's "pnlternative Energy Systems for Pacific Gas and
Electric Company—An Economic Analysis"); Friends of the
Earth, (see Jim Harding's "The Deflation of Rancho Seco 2",
John Berger's Nuclear POWErL the Unviable Option, AmOIY
Lovins' Soft Energy Paths, and the groups journal Not Man
Apart); various Ralph Nader affiliated projects such as
Critical Mass & The Center for the Study of Responsive Law,
(see Nader and Abbotts' The Menace of Atomic Energy, Ron
Lanoue's Nuclear plants: The More They Build: The More You
pay, and the journal Critical Mass); various Barry Commoner
affiliated projects, such as the Scientists Institute for
public Information and the Center for the Biology of
Natural Systems, (see Richard Scott's "projections for the
Cost of Generating Electricity in Nuclear and Coal Fired
Plants", and various issues of ng;;gnmgn;); the Nuclear
Information Resource Service, (see the groups newsletter
"Groundswell"); the Investor's Responsibility Research
Center, (see "The Nuclear Alternative"); Environmentalists
for Full-Employment, (see Grossman and Daneker's "Jobs and
Energy"); and the Union of Concerned Scientists, (see

Daniel Ford's "Nuclear Power Some Basic Economic Issues").

More traditional social action groups like the
American Friends Service Committee and the Council on
Economic Priorities also made important contributions.
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Komanoff, for example, published his original nuclear
capacity performance study while at the Council.

The anti-nuclear movement's local organizations also
produced some excellent economic analyses. The Clamshell
Alliance put together NO Nukes. The New York Public
Interest Research Group released an important study of
nuclear plant decommissioning costs. Lengthy critiques of
the economic assumptions underlying numerous specific
plants were compiled by local activists. (See for example
Dr. Harold Cassidy's analysis of the economics of the
Marble Hill Plant prepared for the Save the Valley
organization; Russel Love's analysis of the economics of
the Palo Verde plant, prepared for Arizonians for Safe
Energy, and Miles Males & Marvin Cooke's analysis of the
economics of the Black Fox Plant, distributed by the
Environmental Action Foundation. : . : -

25. Important contributions were made by university
professors such as Irvin Bupp of Harvard (see "The
Economics of Nuclear Power"), and Duane Chapman of Cornell
(see "Decommissioning, Taxation, and Nuclear Power Cost").
State agencies frequently provided independent review of
utility generating choice analysis and funding for anti-
nuclear research, New Jersey's Department of Public
Advocate funded a Komanoff study of comparative nuclear and
ccal generating costs. California's Enerqgy Resources
Conservation and Devlopment Commission funded Jim Harding's
critical review of the economics of the Sun Desert nuclear
plant. The California Energy Commission funded a Chapman
decommissioning cost study. New York State's Attorney
General's Office, Bureau of Environmental Protection,
challenged the optimistic waste disposal and
decommissioning cost estimates of the AEC. o

26. Though suprisingly few critical reviews originated in
the commercial sector, there were some notable exceptions,
such as Saunders Miller's 1976 book The Economics of

Nuclear and Coal Power.
27. 1In response to Komanoff's charge, the utility noted
that the statement mailed to ratepayers along with their
bills, ("Operation of Con Ed's nuclear plant in 1974 saved
our customer's $95,000,000 they would have otherwise paid
for an equivalent amount of 0il") was technically correct.
No o0il had been purchased (New York Times 5/11/75 Iv-4).

An almost identical ploy on the part of Commonwealth
Edison, the nation's most nuclear oriented utility, was
successfully challenged by anti-nuclear critic David Comey
in the February '75 issue of the Bulletin of Atomic
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Scientists. 1In this case the utility had claimed a $100
million rate payer savings by citing the relative fuel
costs of nuclear and coal fired plants. Comey forced the
company to acknowledge that including relative capital

costs in the calculations eliminated nuclear's alleged
savings (Nader and Abbotts 1979, 216).

28. Among the figures' public appearances were citations in
the New York Times: 4/8/79 and 12/30/79; the Wall Street

Journal 4/24/79 and Science 5/11/79 and 2/15/80 (Komanoff
1981, 12-13). &

59. The AIF study reported costs of 15 M/kwh for nuclear
fired plants and 23 M/kwh for coal plants. It did not
indicate however that the 20 nuclear plants omitted from
the sample had 66% higher costs than the 38 plants
included. The neglected reactors also had outage rates 24%
apbove the sample's figures. The nation's cheapest coal
plants were absent from the coal fired sample. All told,
when the AIF's figures were corrected for methodological
errors (including minimal adjustment for highly unrealistic
waste disposal and decommissioning costs), nuclear power
costs averaged 9% higher rather than 34% lower than coal
fired plants. Recent reanalyses of older AIF cost surveys
by Komanoff and the Environmental Action Foundation reveal
similar biases (Power Line 7/81).

30. In 1978, for example, the public Service Commission of
Wisconsin concluded, "there is a wide range of views ...
concerning the relative economics of nuclear and coal fired
generation.”" The New York Public Service Commission
reported, " There is no credible bottom line comparison of
the total generating costs of nuclear and fossil facilities
which can be extracted from this (hearing) record"
(Stobaugh and Yergin 1979,124). What had shifted was the
realm of discourse. The nuclear industry and ERDA
continued to exude cost optimism. The social meaning of
their claims however was diluted by the informational
activities of the anti-nuclear movement. . .. . .

31. Capacity statistics represent a performance index.
They measure the total generating output of a plant as a
percentage of the output that would accrue if it operated
at full design power 100% of the time. Since plants
require periodic refueling and scheduled maintenance,
actual and expected capacity figures are always less than
unity. The economics of nuclear power are very sensitive
to capacity variations, as about 80% of nuclear generating
costs are non-variable costs. A fall in capacity
performance from 80 to 60 percent produces a 20/60 x .8 or
approximately 25% increase in generating costs. This is a
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conservative estimate as it does not include the increased
reserve reqguirements imposed on the utility system as a
whole by lower performance rates.

32. See for example: U.S., AEC: 1960, 134; AEC, 1968a, I-
29, Most nuclear cost-benefit studies and Environmental
Impact Statements also assumed an 80% figure (Quirk and
Montgomery 1978, 52; New York Times : 11/19/72 p. 73,
3/9/75 p. 4; Wall Street Journal 5/3/73, 2).

33. Though these campaigns may not influence the utilities,
they do help legitimize utility nuclear decisions in the
eyes of the public. One misleading practice noted by the
Ford Foundation's lIssues and Choices volume has been to
lump together the higher performance history of smaller
reactors with the lower rates of current market sized
(800+MW) plants.(153 of the 161 plants ordered from 1968
to the spring of 1974 were 800 MW or larger.) Carrying
this dubious averaging one step further has been
Westinghouse's practice of weighing all plants equally
regardless of their megawatt design rating, and the AIF's
habit of weighing plants by the amount of electricity they
produce. The latter procedure minimizes the impact of
poorly producing units and deletes plants like Three Mile
Island from the sample. S

The industry has also sought to increase performance
rates by revising v"capacity" definitions. An alternative
measure called "maximum dependable capacity" has been used
to reduce the denominator 1in capacity calculations from a
plant's rate pased determined design rating. The new
denominator egquals the design rating minus the percentage
of time reactors are idled by regulatory Or mechanical
difficulties generic to nuclear plants. Another
redefinition has been employed to increase the numerator in
capacity calctulations. The availability factor equals the
percentage of time a plant operated at any percentage of
its design rating. Since nuclear plants are frequently
forced by regulatory edict and mechanical failure to
operate at reduced power levels, this index can be Very
misleading. pooo

The total impact of the adjustments can be
significant. Using the original definition of capacity
rates (total MW's generated/total design rating) Komanof £
calculated a 1975 performance average of 53% for market
sized plants (Komanof £ 1981, 250). westinghouse reported a
62.8% rate and the AIF a 64.4% rate for the same year (Ford
Foundation 1977, 119). While Komanof f calculated a 51%
capacity rate for all 14 GE pboiling water reactors (BWR) in
1975, the company pboasted in the 9/15/176 ijssue of
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Electrical World," BWR plants continue to perform well (in
175 the best achieved 91% availability; the top 6
performers averaged 87% availability)" (Komanoff 1976, 12).

One caveat has to be offered in defense of the
official optimism. This concerns the downward bias that
reactors' poor performance in the first 3-4 years of
operation may impart to existing operating experience data.
There are not enough observations for older commercial
sized plants to determine if a significant improvement
occurs. There is also concern, however, that long term
ageing could cause greater than expected problems in later
years. e .

34. In 1974, for example, Con Ed Vice Chairman Louis Roddis
charged that some utility executives "did not want to
criticize the nuclear industry, because they were depending
on it heavily as a future power source" (New York Times
2/3/74 p. 37) A 1975 review of industry behavior by
Barber Associates for ERDA concluded, "we noted a distinct
tendency in the nuclear energy industry to underestimate
nuclear power costs by simply omitting some costs, Or
neglecting the potential effects on costs of practical or
operational experience such as significantly lower capacity

factors than theoretical projections would suggest" (New
york Times 11/16/75 p. 1)- s S N

35. Comey was the first to focus public attention on the
igssue through a paper given at a September '74 public
meeting of the Federal Energy Administration, a series of
articles in the Bulletin of Atomic Scientists
(11/74,2/75,10/75), and various media activities of his
organization. His work was based on a government study. In
1976 Komanoff's Power Plant Performance analysis was
published with updates released in subsequent years. The
material received w idespread attention and promotion by the
anti-nuclear movement.

36. EBarly '80's industry projections foresaw a 70% capacity
rate (Komanoff 1981, 247). The same methodological
differences that distinguished AEC-industry capital cost
projections from nuclear critics' expectations distinguish
capacity performance forecasts. The nuclear industry
foresees learning curve based reliability improvements and
regulatory reform in the direction of fewer NRC safety
related shutdowns. Komanoff foresees political pressures
for higher operating standards. The latter would likely
require increased periods of downtime for safety retrofits
and fewer deferments of safety checks until scheduled
maintenance. Komanoff also aruges that increased operating
experience will continue to uncover unanticipated safetry
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problems. He points, for example, to recent reactor
problems with cracked feed-water piping welds and cracks in
the piping system itself, the late discovery of technical
€rrors in seismic stress calculations, and the largely
unknown effects of reactor ageing on plant performance.

37. These costs refer to the interest charges that
accumulate during plant construction. Because a utility
generally can not charge customers for construction costs
until a plant comes on line and is included in the rate
base, financing costs during construction are treated as
part of plant capital costs. They are also called "AFDC"
costs -~ "Allowance for Funds Used During Construction"
Costs. -

38. The 1960 construction duration estimate is from AEC
(1960). Six months has been added to the study's actual
projection of 36 months to cover the period from
construction completion to commercial operation in order to
Standardize period lenghts. Sources for other duration
estimates are as follows: 1967-AEC 1968a, 1969~AEC 1970a,
1974-AEC 1974b. Current DOE estimates project a 94 month
period (U.S., DOE-EIA 11/83, p. 11-12). o v »

39. 1985 data suggests that construction duration for mid-
eighties plants will be significantly longer than the 94-
100 month estimate prevalent in the early eighties, -

40. In 1970, for example, the President of Westinghouse
Power Systems asserted, "much of the delay being
experienced by some utilities is simply the result of the
large influx of orders experienced 1966~1967. Once this is
behind us, plants should consistently come on line with a
five year lead time from order to operation®" (Quirk and
Montgomery 1978, 32). Current DOE forecasts project a 10
year hordizon (U.S. DOE~EIA, 11/83 12).

41. For a discussion of the increasing risk premiums
attached to nuclear credit offerings see Chapter 8 section
6. e P -

42, See Komanoff 1981 pP. 272 for the formula used to
calculate the IOU's fixegd charge rates.  Estimated
increases in nuclear utilities' cost of capital and
interim investment requirements from 2.8% to 3.1% to 3.8%,
increased the fixed charge rate from 9.23 to 9.61 to
10.53%. e
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The Comtois formula for determining real IDC is: v

N .
IDC= 1-(l+r) / N Ln(1/[1+r]) -1 (Komanoff 1981 244)

Calculating the IDC multiplier under the AEC assumption of
a 50 month construction period, wusing a 2.8% interest rate -
(the utilities' real cost of capital 1955-1977) yields an
expected 6% IDC multiplier. Substituting a 3.1% interest
rate to reflect OT related fixed charge rate errors and a
77.7 month construction period, to reflect actual
experience 1971-1978, results in an 10.6% IDC multiplier or
net error of about 4.5%. For plants coming on line in the
mid-eighties, with expected construction durations of 94
months and 3.8% base capital charge rates, the OT related
IDC error is 10.1%. Actual IDC for mid-eighties plants is
expected to be about 30-40% due to higher real interest
rates. The extra 15%-25% cost underestimation is unrelated
to OT dynamics and not included in the OT differential.

43. Most projections were framed in 1-10 year time horizons
so it is often difficult to infer lifetime predictions from
them. 1In the late '60's GE projected long term uranium
prices of less than $10/1b (Berger 1977,116). By 1975
Westinghouse had committed itself to supply 81,000,000
pounds of uranium at $8-$10/1b (historical $), though it
owned only 15,000 pounds. It's guarantees reflected the
period's rivalry dynamics (Taylor 1979, 200). - When the
spot price of uranium exceeded $40 in the late seventies,
Westinghouse reneged on its contracts, incuring multi-
billion dollar law suits (Berger 1977, 116). Sommers
(1978) indicates that the utilities expected uranium
availability at about $17/1lb in the mid-sixties. In 1968,
the AEC projected uranium costs of $16/1b through 1980,
rising to $28/1b by the turn of the century (AEC 1968a, 1-
17, 5-69). e , e : o -
44. The extent of forecasting errors for breeder capital
costs and fuel reprocessing surpasses even the turnkey
miscalculations. In the late '60's Clinch River breeder
capital costs were projected to be less than $400/kw. By
1972 projected costs had reached $3000/kw (Ford Foundation
1977, 342) and by 1974 they exceeded $4,500/kw (Miller
1976, 93). L L - =

Estimated reprocessing costs follow a similar pattern,
growing from $55/kg in the early seventies (U.S., AEC
1973b, 15), to a 1976 estimate of $186/kg (Ford Foundation
1977, 321-325), to current DOE projections of $550/kg
(U.S., DOE-EIA 11/82, 57-58). c . -

i
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It was expected that reprocessing would reduce uranium
demand by 20-40%. Breeder devlopment would have a much
larger long term impact.

45. Per kilowatt hour uranium cost expectation calculations
assume: initial expectation of $15/1b. U, 16.6 pounds
purchased uranium per enriched kilogram of fuel, 240,000
kwh's expected per kg. U, and fuel carrying charge
multiplier of 1.4. Cost error calculations assume: $31/1b.
U or $23/1b. U as stated in the text, and 220,000 kwh's/kg
u. S

46. Per kilowatt hour enrichment calculations assume an
average of 4 SWU/kg U (3.8 SWU/kg U through the mid-
eighties and 4.2 SWU/kg U thereafter), 240,000 kwh/kg U
expected and 220,000 kwh/kg U actual, and a fuel carrying
charge multiplier of 1.3 (Komanoff 1981, 266). -

47. From 1975-1984 heat rates averaged 10,950 BTU/kwh
(U.S., DOE-EIA 1984b, 236). The AEC predicted rates of
10,200 in the early seventies (1972c, 1974a). = . - :

48. See for example: the testimony of Friends of the Earth
staffer Jim Harding before the Board of Directors of the
Sacremento Municipal Utility District, the testimony of
Charles Komanoff before the New Jersey Board of Public
Utilites, and Males and Cooke's critique of the economics
of the Black Fox nuclear plant. Also important was the
work of HMorgan Huntington of the Department of Interior's
Mining Enforcement and Safety Administration (Berger 1977,
119). The latter was given "social meaning " by its
injection into utility nuclear hearings by the anti-nuclear
movement. e

49. This figure underestimates back-end forecasting errors,
as most projections assumed positive credits for fuel
reprocessing. R T

50. Decommissioning refers to the process of neutralizing
the radiation hazards of retired nuclear facilities. Three
alternative procedures have been suggested: mothballing,
entombment, and dismantling. Mothballing involves the
removal of all unused fuel and waste material from the core
and minimal protective measures to restrict access to the
site. Through the mid~seventies, 10 reactors had been
mothballed. Entombment entails encasing the pressure
vessel and reactor internals in concrete in addition to
mothballing. Three small government reactors have been
entombed. Dismantling involves the actual piece by piece
removal of the reactor for burial at another site. Two
small reactors have been dismantled. Because the largest
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one was less than 2.5% the size of current commercial
reactors and had accumnulated only 6 years of decay
products, its dismantling provides only limited help in
forecasting commercial costs. ; L

51. Illustratively, a 6/16/77 GAO report on Decommissioning
concluded, " The Commission has done relatively little to
plan for and to provide guidance for decommissioning of
commercial nuclear facilities. Studies sponsored by the
Commission on acceptable alternative methods to
decommission are several years from completion. It does
not require owners of nuclear facilities— except uranium
mills- to develop plans or make financial provisions to
cover the cost for future decommissioning. Consequently,
the true cost of nuclear power is not being reflected in
the cost to the consumer of nuclear power. Without this
financial provision, the Federal or State Governments can
be asked to pay for problems that rightfully should be paid
by private industry.

Situations where this has happened, or may, have
already arisen. For example, the Federal Government will
pay about $85 million to clean up residues from inoperative
uranium mills that were privately owned. Also, as much as
$600 million may be needed to decommission a privately
owned nuclear fuel reprocessing plant at West Valley, New
York. The State Government... has asked the Federal
Government for assistance. [Note: current estimates suggest
final clean up costs may approach $1 billion. Ney York
Times '9/19/81 p. 26] 1In a case at Clinton, Tennessee, the
Federal and State Governments shared the cost--
approximately $110,000-- to decontaminate a facility that
the owners walked away from in 1971" (House, Government
Operations Committee 1977, 1529).

3
52. In many cases where state regulations include
decommissioning charges in rate calculations, the funds are
not isolated from other utility revenues. They have been
often viewed as a funding source for utilities facing
construction financing problems (U.S., DOE-EIA 5/80, 174).

53. As of 1977, for example, no cutting tools existed for
slicing commercial sized reactor walls under water, as must
be done to shield workmen from high radioactivity (House,
Government Operations Committee 1977, 301).

54. A 1980 DOE-EIA study has similarly criticized past
industry nickel decay assumptions (U.S., DOE-EIA 5/80,
110).
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55. Given the historical pattern of serial cost
estimation, this is probably a very conservative estimate.
It also ignores the financial impact of underestimating the
cost of decommissioning nuclear fuel cycle facilities, such
as fuel fabrication and conversion plants.

56. The $475 figure differs from the $366 average cited in
Chapter 6 because the earlier calculation included only
plants in operation by 1972. The more expensive plants
came on-line later.



CHAPTERVIII

THE MICROECONOMIC IMPACT OF NUCLEAR POWER'S PROMOTIONAL
ASSISTANCE AND CAPTURE OF OT STATUS[1]

1) Introduction*

Chapters 4-7 analyzed the mechanisms by which
nuclear power achieved OT status. The key levers were the
skewing of R&D efforts, public subsidy, and regulatory
incentives in nuclear's favor, and the promotion of
misleadingly optimistic cost expectations. This chapter
examines the benefits accrued nuclear power frém the
capture of OT status and the related enjoyment of
increased; economies of scale, learning curve
efficiencies, systemwide efficiencies, privileged access to
capital markets, and bureaucratic momentum. Th; final
sections examine the combined advantages nuclear gained
from promotional assistance and OT capture.

2) Scale and Learning Curve Efficiencies

From the beginning of atomic development the capture
of scale and learning curve cost reductions was a central
part of nuclear development strategy.[2] Learning éurve
theory typically projects 10-20% cost declines per doubling
in cumulative output (Stewart 1981, 192).[3] Nuciear
planning assumed similar gains (Tybout 1957; U.S., AEC
1968a, pp. 1-33, 3-2; Little 1968; Bupp 1974, 1755).[4]

.—-—.--—..—‘-_—_.—-—.——.——_—-——_—.—__.—_...__-—_-——___.-__._.........._.__._—.--—.-.—_-.—-———--—-—

* All dollars are '79$ unless otherwise specified.

410
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In the early seventies the capture of OT statusvwas
expected to reduce generating costs by 50¢%, 1965-2000, due
to learning curve efficiencies. Treating the first 16
commercial plants as de facto R&D projects, about six
Sector doublings were required to reach the 1000 plants
expected in operation by the year 2000, Assuming a 903%
learning curve implies expected growth induced cdst
reductions of 47s,

Actual scale and learning curve eff1c1ency Qaln;
have been much less than anticipated. The contractlon of
Projected nuclear sector size to only 125 plants in the
year 2000 reduced €xpected learning curve galns to about
27% Escalating regulatory standards inhibited capture of
that reduction by repeatedly changing plant designs (U.S.,
Congressional Office of Technology Assessment 1981).

Despite these difficulties a number of analyses
have found evidence of significant learning. Bodde (1976)
indicates that the nuclear steam supply vendors wefe/able
to deflect design changes to other parts of the plant, and
achieved significant standardization. Mooz found a 10%
decline in construction costs for e€ach doubling of
architect-engineer construction experiencé (Mooz 1979, p.
V). After reporting 1981 results simiilar to Mooz,
Komanoff's "84 analysis vested learning in the sponsoring
utility. Plant costs were found to decline by 7% per new

nuclear site (Komanoff 1884a, 11).[5] R TEE!
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It is difficult to estimate the overall learning
cost reductions associated with nuclear's '63-'74
expansion, due to the counter-factual aspect of the
calculation. Based on Mooz-Komanoff flndlngs, and downward
revision of conventional 90% cost decllnes (due to unstable
plant designs), we estimate learnlng curve savings of

approximately 20%.

o &

The quest tor learning eff1c1encles remalns a ﬁajor
goal of the NRC and nuclear 1ndustry.[6] Leglslatlon was
introduced in 1982 to facilitate standardization. Recent
analyses suggest the latter could reduce capital costs by
20-25% for new plants (SDL Stoller Corporatlon 1982, PP-
B-5, B-6).[7]

3} M_g_ﬂatt callng Eﬁfects
Nuclear promoters alSO ant1c1pated cost reductlohs
through the constructlon of larger 51zed plants. Each
megawatt doubllng was expected to reduce per/kw capltal
costs by 26 30% (Komanoff 1981, 200, U.S., AEC 1974b, 43;
Ford Foundation 1977, 112). About 3 megawatt doubllngs
were expected from the early s1xt1es to the year 2000,
implying cost reductlons of 50%- 606. The sav1ngs are akln
to the learning curve-scale erfects noted above, as they

are tied to "path" decisions. h o

Actual scallng effects have been less than

anticipated. The AEC put a 1300MW celllng on plant size in
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the early seventies, blocking plans for 2000MW plants.[8]
Komanoff found only a 10% cost reduction per megawatt
doubling in 1970's plants (Komanoff 1981, 200).{9] This
rate implies a 25% scaling savings for the period}s

upgrading from 200 MW - 1300 MW.

Al_Ingszgiggﬁg&L&mﬁ@mwigglﬁiiglguuﬁﬁ
Nuclear promoters could anticipate several
Systemwide economies from sector expansion. Among these
were:
1) multiple siting economies,
2)external economies, and

3) the economic benefits of social accomodation
to the institutional needs of the technology.

In 1968 the AEC foresaw capital cost declines of 9%
from dual plant sitings (U.S., AEC 19%68a, p. 2*3);M‘Iﬁ '74
the Commission increased expected savings to 10-15% (U.S.,
AEC 1974b, 74). Actual savings appeaf evehwgreaﬁer.
Komanof f fouhd a suprising 28% cost reduction for planté
expected to be completed in the mid—eighties’(Koman§ff
1984a, 11). S |

Weinberg and others have urged the construction of
"nuclear parks", complete with on-~site fuel reprocessin§
Capabilities. GE hés estimated that a cluster of 20 units
would reduce capital cost by about 20% in comparisoh with

2-4 unit sites (Garvey 1977, 83). Additional benefits from
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reduced materials transport costs and tranéport hazards,
and the capture of scale economies in skilled O&M manpower
have been claimed for the parks (Garvey 1977, 94-97).
Capture of OT status was also expected to stimulaté
economies of scale in manpower training, and increased
private investment in complementary technologies throughouﬁ
the economy. Illustrative of the positive externalities
anticipated are the benefits expected from increased
research on long distance electricity transmission.
Breakthroughs in this area would decrease the economic cost
of nuclear's siting distance penalty. Anticipation of
nuclear expansion might also encourage increased research
on electricity end-uses, leaving nuclear competitive in new
markets. [10] -
The relevance of institutional/accomodation to
nuclear needs can be illustrated by the adjustments
required for viable nuclear parks. The latter would likely
necessitate the creation of mega-utilities and modification
of anti-trust policy. Also needed would be aggressi;e
exercise of eminent domain in order to create extensive
transmission corridors. The lack of similar land-use
initiatives may have helped stall the growth of slurry

pipelines.

5) Scaling & Systemwide Efficiencies Summarized

It is Gaifficult to quantify the market value of OT

Lo
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induced complementary investments and institutional
accomodation. Totaling only learning curve-sector size,
megawatt, and multiple siting economies, implies expected
OT induced cost reductions of about 120%. Actual OT
related savings in these three areas have been about half
this amount. o o
The work of Oak Ridge researcher James Lane
reflects the more expansive lmpllcatlons of OT status
anticipated in the late 31xt1es. vIn a paper entltled
"Rationale for Low-Cost Nuclear Heat and Electr1c1ty
Lane assumes R&D improvements, learnlng curve eff1c1enc1es,
mass production economies, megawatt scallng, 1ncreased
industry competition, and breakthroughs in electr1c1ty

transmission technology. - He prOJects year 2000 generatlng

costs of 3 M/kwh for a5, 000 MW plant [11] -

£

%

In addition to reduc1ng its own costs, nuclear's
capture of OT status dlscouraged the development of

competing options by denylng them access to 51m11ar scale

induced efficiencies.[lZ]

¢

6) Privileged Access to Capital Markets

Nuclear power's ?romotlonalwass1stance and capture
of OT status also gave the technology pr1v1leged access to
capital markets.[13] As Merrlll Lynch vice pre51dent
Leonard Hyman has observed, " ... the 1nvestor bestowed

blanket confidence on the technology and the technicians
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behind it" (Hyman and Kelly 12/3/81). In addition to the
Price Anderson Act, numerous government guarantees reduced
nuclear investment risks. De facto government policy
promised smooth fuel supply., trouble-shooting R&D, and
congenial regulation. Promotional informational -
environments dulled investor skepticism. B

It is difficult to estimate the credit costs nuclear
would have incurred without OT status. One approach is to
compare nuclear credit costs before and after
disestablishment. Several studies have sought to determine
whether nuclear utility financial instruments bore higher
credit costs than coal utility offerings after éhe late
seventies. Through the early eighties the results were
inconclusive (U.Ser Department of Energy - Energy
Information Administration 11/82, 114; U.S. Congressional
Office of Technology Assessment 1984, 70). The failure to
find sign}ficaht difference is partially due to the
methodology used. Adequate distinctions were not always
made between nuclear utilities with plants completed during
the OT years and those with nuclear plants still under
construction after disestablishment.

Nevertheless,‘the New York State Public Service
Commission found a .25% risk premium attached to nuclear
utility offerings in 1979, a month before TMI.[14] This

margin increased to .65% immediately after the
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accident.[lS]r An even larger differential was suggested by
J. Hugh Devlin, managing director of Morgan Stanley, in his
1979 testimony before the House Interior Committee. iDevlin
blamed regulatory escalation before and after TMI,frather
than the accident itself, for higher credit cosfs. He
warned, " ... the confidence of investors is extremely
fragile ... If they see actions which they regard as unduly
burdensome - an extended moratorium on thé‘licenéing of
nuclear plants, for example - their confidence will vanish
abruptly ... and make it difficult if not impossible for
these companies to raise additional capital at reasonable
costs ... We therefore urge you to move cautiously and to
carefully consider thé capital-raising implications of any
legislative actions you may\take" ({House Committee on
Interior and Insular Affairs 1979, 115).[16]

In August of 1981 Barrons noted there had been
extensive nuclear related utility bond rating declines
(Barrons 8/24/8l1). In December '8l Merrill Lynch found
thatwgﬁly 26% of the utilités with nuclear coﬁstruction
projeégs had "aA" or "Aa" ratings;l This compéred with more‘
than 56% for utilities without nucieaf construction (Hyman
and Kelly 12/3/81, 23,24). Komanoff estimates that in May
1984‘nuclear risk premiums exceéded Séveral pegcentage
points (Komanoff 1984b, 72).‘ Table 25 illustrétes the
impa;£ of vérious integést raﬁe beﬂalties oh:current

nuclear costs. While a number of factors exacerbated the
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technology's financing difficulties (such as electricity
demand declines) the bulk of the differential reflects the\

loss of OT status.

TABLE 25

THE IMPACT OF INCREASED RISK PREMIUM ON NUCLEAR COSTS(1l) -

- Additional Interest Charge

.13 2% 3% 4% 5% 6%

Fixed Charge Increment(2) .- - 1.3% 2.7% 4.1% 5.6% 7.2% 8.8%
IDC Multiplier Increment(3) 4.5% 9.0% 14%  19% . 24%  30%
Capital Cost M/kwh(4) A . 6M 13M 21M 29.5M 39M 49.5HM

Increment

—_——————————-—....————.—————._—_.—_—_—_——_-——__—_____..___.____-_—.-———

1) cCalculations assume average direct construction capital
costs for mid-'80's plants of $1640/KW (Komanoff 1984a).

2) See Komanoff 1981 p. 272 for formula used to calculate
fixed charge rates. Calculations assume a 2.8% Dbase
interest rate plus assigned interest rate penalty. Base
case fixed charge equals 9.23%. . : - - S

3) For formula used to calculate IDC multiplier see Chapter
7 footnote 42. Calculations assume 94 month construction
period. Base case (2.8% interest rate) IDC multiplier
equals 11.6%. : . 3 : , :

4) Per kwh calculations assume 60% capacity rates.
‘ ‘ . "
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7) Enjoyment of Bureaucratic Momentum

In 1968 former AEC consultant John Hogerton observéd
that utility markets had vested the benefit of doubt in
nuclear as opposed to coal technologies (Hoéerton 1968,
29). Contemporary theorists of bureaucratic behavior argue
that such planning assumptions are difficult to disiodge;
Lindberg emphasizes this endurénce in explaininé the
persistence of supply side responses to the enérgy crisis in
almost all advanced countries. The concept is also implicit
in the work of Bupp and Nader.

Complementing bur eaucratic momentum, Lihdberg
emphasizes the paradoxical ability of highly trained
professional personnel to maintain policy positibns in

conflict with existing empirical information. Ironicallys

-~

he argues it is their theoretical sophistication, self-
selected into a mission oriented bureaucracy, that insulates
policy from practical review.[17]

He writesg"
v ... burecaucracies seem prone to certain behavioral
patterns in decision making that theorists have
alternatively dubbed 'dynamicallyconservative,‘
‘cybernetic,' or tsectoral.' Such patterns ... constrain
the search for alternative policies toward energy and
development ... The decision maker is guided by 'minimally
articulated, preservative values' that do not 'yield a
coherent preference ordering for alternative states of the
world under tradeoff conditions' ... His essential purpose
is personal and organizational survival and not the
achievement of some optimal outcome. ... The decision maker
will seek to control uncertainty and 'preserve internal
simplicity' Dby screening out information that his
organization's ectablished repertory Oor response pattern 1is
not programmed to accept. Selective feedback ... will

Ly
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govern the processing of information. 'Favorable outcomes
will be inferred for preferred alternatives and ...
unfavorable outcomes will be projected for alternatives the
decision maker intends to reject” (Lindberg 1977, 339-341).

8) Calculating a Compined QT pDifferential

It is possible to estimate the sensitivitj bf nuclear
economics to promotional activities by combining the‘market
advantages gained by nuclear power froﬁrprombtional
assistance and OT capture. Nuclear plants ordéred '63-'74
enjoyed an average 8.8 M/kwh subsidy rate.[18] Infant
industry hazard regulation reduced the costs of plants on
line by 1972 by 20 M/kwh.[19] The promotion of misleading
cost optimism improved nuclear's competitive appearance by
an additional 10 M/kwh (independent of forecasting errors -
associated with the erosion of{hazard internalization
protection).[20] Summing these subsidy: regulatory, and
forecasting aids together yields net promotional benefits of
39 M/kwh.

chlear's capture of scale and systemwide
efficiencies associated with OT status reduced nuclear costs
by an additional 50%, or approximately 17 M/kwh.[21]
Failure to capture as large as expected scaling efficiencies
explains part of the reason for the 10 M/kwh forecasting
errors cited above.'

Summing all development aid for nuclear power (see

Table 26) yields a net benefit of approximately 55 M/kwh.
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This total is a lower bound estimate of nuclear's
promotional assistance. It excludes the benefits of many
aids which are difficult to quantify, suchas social
accomouation to the institutional needs of the technology:
and the benefits of non-hazard related regulatory
incentives. It also relies on a conservative accounting ror

calculating subsidy totals.

able 20
Nuclear Power's QT Differential '63=-'74*
Aid Categories e Economic Impact & ¢
Subsidy Assistance 8.8 M/kwh
Regulatory Protection 20.0 M/kwh
Forecasting Errors 10.0 M/kwh
Learning Curve & 17.0 M/kwh

Scaling Benefits

Totals ! 55.8 Ii/kwh

¥ See section 7.0 for derivation methodology

Despite the conservative estimating procedures, the
aid totals 6 times the expected cost of nuclear generation

guring the bandwagon market of the sixties. The beneflits
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are more than 25 times the 2 M/Kwh expected nuclear cost
agvantage over coal generation, which publicly justified
many nuclear orders (Perry 1977, 37).

More important than the aids' airthmetic sum, was
their dynamic and synergistic effects. Nucleaf subsidies,
for example, stimulated private capital commitmenté,(which
in turn made possible scale economies, and a cash flbw basis
for continued R&D. Regulatory incentives’encouraged private
capital commitments and the establishment of bureaucratic
momentum, which facilitated the capture of systemwide
efficiencies, and social accomodation to the institutional
needs of the technology. 2

A key aspect of the OT pr;cess is the risk reduction
which accompanies OT status. This/effect transcends
marginal notions of differential credit costs, as it tends
to define the entire context within which capital
commitments are made. The process is pervasive and
potentially self-perpetuating. On a technical level, OT
status reduces engineering uncertainﬁy by increasing R&D
spending. On a socio-political level, OT dynamics reduce
uncertanity by cementing political support amongst dependent

corporate, labor, and consumer constituencies.

9) The Macro/Micro Logic of syvstemwide Planning Contexts

The best metaphor for depicting the impact of OT

status on technical choice decisions is the planning context
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image of macro determined micro efficiencies. AmoOry Lovins
has articulated this idea in terms of "hard and soft energy
paths". He writes,

"Phese two directions of development are mutually
exclusive; the pattern of commitments of resources and time
requirea for the hard energy path and the pervasive
infrastructure that it accretes gradually make the soft path
less ana less attainable. That is, our sets of choices
~compete not only in wnat they accomplish, but also in what
they allow us to contemplate later. They are€ logistically
competitive, institutionally incompatible, and culturally
antithetical" (Lovins 1577, 49 ).

Without employing tne formal language Of political or
economic theory, Lovins has focused on the natural monopoly
characteristics of energy choices highlightea by the OT
framework. In addition he has emphasized the dynamic aspect
of social 1life highlighted by Harxist theory, wherein
social contexts determine the shape of apparently naturally
or technically determined constraints.

Employment of the OT framework allows &
disaggregation ot Lovins' mutual exclusivity assertion into

3
its constitutive parts, a task Lovins never systematically
addresses. Whnile Nnis work is replete with individual
examples of system incompatibilities and assertions of
their general character, no formal model oOr accounting 1is
presented to support this claim. The categories of the OoT
gifferential tallieo in this chapter can be usea to fill

this gap.

Lovins aivides the basis ror mutual exclusivity
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between energy options into technical and social elements.
The former can be compared with the economic level of OT
theory and represents the extent to which preemptive
economies of scale, learning curve efficiencies, systemwide
positive externalities and interdependent risk premiums
charactereize the energy sector.

Describing the latter, the social basis for

exclusivity, Lovins writes,

... (the two paths) are culturally incompatible.
Each entails an evolution of perceptions that makes the
other kind of world harder and harder to imagine... (they)
are institutionally antagonistic. Each entails
organizations and policy actions that inhibit the
other...(for example) the rigidity of some of our
institutions, notably the utility sector, is a result of
past commitments to a nascent hard path and is manifestly
inhibiting proper consideration and implementation of a soft
path..." (Nash 1979, 339-340). .

In OT terms the above incompatibilities refer to
realms of discourse and planning context logics.
Implicitly, Lovins asserts the mutually determining
character of political, economic, and ideological phenomena.
Though :underdeveloped in his work, the ideas contain the
seeds of a structuralist view of social life. Behind
competing energy paths are competing planning contxts; and
behind them are alternative sets of structurally given
interests and outlooks. -

In both Lovins' work and the OT framework, the
planning context metaphor highlights the role of social

contexts in shaping technical change. The concept of OT
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dynamics allows path dependent theories to be

operationalized.
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CHAPTER VIII

NOTES

1. The meaning of learning curve cost reduction 1is

ambiguous in the nuclear literature. The term sometimes
refers to the cost savings attendant with improved

production techniques at existing output levels. On other

occasions the savings involve the benefits of

standardization and the capture of production economies at

higher output levels, For purposes of maintaining a

conservative estimating bias and avoiding possible double

counting, we shall collapse the two effects in our

calculations. These gains are independent of and additional

to, however, any improvements resulting from increased R&D

expenditures. o “ & S
2. In 1962, for example, the AEC observed: "Efficiency of
operation and low cost construction are to a considerable
extent brought about through construction and operating
experience. After more than half a century of experience,
fossil fueled steam electric plants are still achieving very
worthwhile increases in efficiency and reductions in real
dollar construction costs. It seems almost certain that
part of the improvement in nuclear electric plants will come
in the same manner. Consequently, nuclear generation in the
year 2000 will be more efficient and lower cost if a number
of large nuclear plants are built during the next ten to
fifteen years, than if the acguisition of this experience is
"delayed" (U.S. AEC 1962, reprinted in: JCAE 1968, 220).

3. Learning curve effects are commonly expressed in terms of
percentage cost experienced per doubling of output. A 90%
learning curve implies a cost function with the following
form: o L - - . ;

B . £

Yn = ¥] X (n)"152;
where Y  equals the cost of the nth plant and Y1 equals the
cost of the first plant. An 80% learning curve implies a

learning curve exponent of -.322. “ “

4, For example, the reactor vendors assumed learning cost

reductions of 20%-25% ($55/kw) over the 1963-1966 period in
their turnkey cost calculations (Perry 1977, 33).

426
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The AEC reported in 1968: "Experience gained in the
various activities of the nuclear industry ... has alreaaqy
led to cost reductions ... The effects of this trend to
standardization, taken in conjunction with design
repetition, experience gained in manufacturing, and the
improved technigues or mass production, will probably leaa
to cost reductions which have in the past in similar
industries generally followed a 90 per-cent learning curve
relationship. A major reactor manufacturer uses the
learning curve technique to analyze and forecast progress in
cost reductions in the manufacture of nuclear components”
(U.S., AEC 1968a, p. 3-2).

The Little study of '68 estimated that an increase 1in
vendor output from 3 to 6 nuclear steam supply systems per
year would reduce overneaa and R&D costs by about 15% ana
direct production costs by about 3-5% (156-158).

Since the mid fifities learning curve theory has also
been applied to nuclear fuel cost projections. Tybout
(1957) ana Little (1968), tor example, emphasized the cost
reductions expected from scale economies in fuel fabrication
and reprocessing.

The AEC's 1968 nuclear cost study assumed a 90%
learning curve for the first 2 doublings of fuel
fabrication output, followed by a 95% rate for the next 4
doublings. The result was a projected 33% cost reduction
1970-2000 (AEC 1968a, ch. 5 p. 83). Larger scale ana
learning curve cost declines were assumed for fuel
reprocessing costs (AEC 1968a, chapter 5 pp. 101-105).

Little (1968) assumed a reprocessing scaling
coefficient of -.35 (p. 221), projecting a two-thirds
decline.in costs for 6 ton versus 1l ton/day reprocessing
plants (245). A 6-7 ton/day size was estimated to be
optimal (245). As the latter plant would meet the
reprocessing needs orf 60 1000 MW reactors a year, it
presumes a large nuclear sector.

Scaling economies will probably be even larger in the
waste disposal area.

5. Komanoff found a 3.5% cost reduction per plant Ior
utilities with multiple reactor sites (Komanoff 1984a, 11).

6. Stancaraization became an official regulatory goal in
1972 when the AEC announced licensing preference for
standardizea designs. Westinghouse's ofishore power system
project was the major standardization initiative (U.S.,
Congressional Otrice of Technology Assessment 1981, 36).
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Severe public opposition to many of the coastal plants,
utility financing difficulties, and TMI ultimately forced
abandonment of the project. (Price 1982, 46-49; Olson 1976,
200-205).

A consortium of utilities organized the Standardized
Nuclear Unit Power Plant System (SNUPPS) and originally
contracted for 6 units at 4 sites. Although 2 units were
subsequently cancelled the utilities claim that standardized
procedures has brought 10% cost savings to the remaining
plants (U.S., Congressional Office of Technology Assessment
1981, 46-48). Commonwealth Edison's 4 Bryon-Braidwood
plants also appear to have benefitted significantly from
standardization (Komanoff and Bupp 1983, 11).

The French program provides an often cited model for
standardization, Alleged savings are argued to exceed 25%
(U.S., Congressional Office of Technology Assessment 1984,
67) [ ) - B

7. In 1982 the Stoller Corporation's "Nuclear Supply
Infrastructure Viability Study” estimated that pre-certified
designs and standardization could reduce craft labor
requirements by 20%-25%, engineering costs by 50% and
construction duration by 3 years. Projections were based on
comparisons with French and Japanese experience (stoller
1982, B-5, B-6). S .

8. " The AEC (1968a) noted that existing research indicated
that 3000MW light water reactors were technically feasable
(ch. 3 p. 18). It foresaw potential savings as high as 20%
for a scaling leap from 1000 MW-3000 MW ( ch. 3 p. 18, ch. 1
p. 27). : o : . L

9. ‘Komanoff (1981) found each megawatt doubling reduced
direct construction costs by 13%. Increased construction
duration, however, added 3% in costs, for a net gain of only
10%. The lower capacity rates of larger plants reduced
overall generating cost gains even further (Komanoff 1981,
200). Mooz (1979) found little evidence of demonstrable
scaling efficiencies (32,42). L ‘
10. Another aspect of systemwide efficiencies are joint
product efficiencies and economies of scope. A number of
efforts have been made during nuclear development to capture
related cost reductions. As noted in Chapter 1, nuclear
development was initially aided by its joint product status
with weapons production and naval reactor development. Fuel
cycle costs were reduced by the enrichment scale economies
made possible by the military program. Abortive attempts
were made to develop joint processes for electricity
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production and desalinization. Billion dollar efforts were
made to link reactor expertise to air and merchant marine
transport. Although these and other nuclear projects, such
as the "Plowshare" and Gasbuggy" programs designed to use
nuclear explosives for excavation and fossil fuel recovery,
proved unsuccessful, they tended to stimulate private
nuclear investment by portraying atomic experience as &
valuable by-product of nuclear initiatives. :

The integrated reactor vendors appear to have
captured some economies of scope.

11. Lane's conclusion illustrates the planning vision

associated with nuclear's OT status. He writes:

It appears that I have painted a very optimistic
picture of the future outlook for low-cost nuclear power;
however, in all probability it may be too conservative.
First of all, the projected per capita use of electricity in
the year 2000 represents merely a saturation of current
applications, such as home heating, air conditioning, and
color television, and makes no allowance for the
introduction of new applications. 1f, for example, because
of shortages of petroleun the U.S. transportation industry
converts to electricity-powered vehicles, this would
increase the per capita consumption of electricity by 10,000
kw-hr/yr with resulting decreases in costs.

" _.The overall result may lead to fulfillment of the
age-old dream of electricity too cheap to meter" (Lane p
25) .

12. Absence of OT status can discourage research and sector
investment by deflating the economic benefits of
technological breakthroughs in isolated parts of an energy
system. FoOr example, while the AEC insured that bottlenecks
in areas like uranium supply, enrichment or waste disposal
did not retard reactor development, the lack of solar energy
storage technology, and absence of engines able to operate
on small temperature differentials, discouraged investment
in solar collector research. The slow expansion of slurry
pipelines may have similarly undermined coal based
investment. :

Only as nuclear power's OT status began to erode did
the scaling and systemwide potential of alternative energy
sources such as solar and biomass begin to receive serious
planning attention. Commoner (1979) illustrates this

phenomena with respect to photovoltaics.

In 1976 anti-nuclear pressures l1ed to the adoption of
legislation requiring the Federal Energy Administration
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(FEA) to aqevelop strategies for accelerating solar
development. A resulting FEA report estimated that a $440
million Department of Defense photovoltaic purchase could
redquce the cost of solar electricity from $10/peak watt to
50 cents/peak watt. This woula make photovoltaics
competitive with current generating technologies in certain
remote site and street lighting applications, and lay the
learning curve groundwork for penetration of larger markets.

The report suggests that federal funding and pro-
solar signaling were necessary to of fset inertias imposed by
factors such as nuclear's OT status (Commoner 1979, 33-38).

Commoner (1979) also argues that the nuge investment
in pipeline infrastructure necessary for an integrated
biomass-methane based energy system, makes such technology
feasable only on a large scale basis (56, 64).

13. The technology's support from aiversified corporations
l1ike General Electric ana Westinghouse also endowed it with
a source Of internally generated funds. Its utility
sponsorship gave it easy access to bank and 1insurance
company credit. As noted in the appendix to Chapter S5y
real IOU credit costs 1955-1977 averaged only 2.8%.

14. The report found average yields of 9.74% for 59 major
utilities with nuclear generation in operation or planned,
as compared with average yielas of 9.49% for 41 non-nuclear
utilities (Komanoff 1984b, 68).

15. The Public Service Commission found the 59 nuclear
utilities of footnote 14 vielding 10.43% in April '79,
compared with 9.7% for the non-nuclear utilites (Komanoftf
1984b). A December '79 Paine Webber Mitchell Hutchins Inc.
study implied a continuing .5% differential (Komanof £ 19681,
271,276). Salomon Brothers 12/4/79 found a similar decline
in the relative price of nuclear and non-nuclear orientea
utilities right after the THI accident, but noted the
general erosion of this differential over tine (Salomon
Brothers 12/4/79, 2,23).

16. More in line with Devlin's assessment of the importance
of nuclear power's de facto "insured" status than the one-
half percent increase in financing costs observed in the
aftermath of TII, was the extraordinary drop in Combustion
Engineering's stock in Hay 1974. On Hay 7th the Wall Stree

Journal reported that the company had entered into reactor
contracts "allowing power utilities considerable freedom to
back out of deals they haad made with Combustion ana
extending broad warranties that even cover equipment changes
that may be required by future revisions 1in Atomic Energy
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Commission rules." The article noted, "Normally contracts
provide that any AEC caused cost overruns are to be divided,
usually with the utility paying at least two-thirds..."
Combustion's stock, which stood at 75 and 1/8 on May 6th
plummeted to 46 1/2 on May 8th. The bulk of the near 40%
decline reflected investor concern over company liability
for nuclear uncertainties.

Similar investor caution greeted private sector
efforts to fund enrichment ventures without government
guarantees (Barrons 7/7/75).

Six months after the Three Mile Island accident,
Equitable Life Insurance Vice President Carleton Burtt told
the House Interior and Insular Affairs Committee, "We at the
Equitable are proceeding cautiously at this moment regarding
further commitments in nuclear power. We cannot commit
further without a clearly defined policy framework and an
adequate regulatory protection” (House Committee on
Interior and Insular Affairs 1979, 111).

17. Lindberg cites the work of cybernetic theorist John
Steinbrunner, for example, regarding the legacy of highly
structured professional training:

"With his beliefs established in a long-range
framework and well anchored, his inference management
mechanisms are able to handle the pressure of inconsistency
in any short-term situation. Inferences of transformation
and impossibility, the selective use of information ang
other inconsistency management mechanisms are brought to
bear for this purpose. Since the theoretical thought
process 1is strongly deductive, and thus relatively less
dependent upon incoming information in order to establish
(in original) coherent beliefs, incoming information can be
molded and even ignored or denied ..." (Lindberg 1977,
343). '

%

Essentially Lindberg and Steinbrunner outline the
implications of a paradigm conception of technical realms of
discourse. The history of radiation hazard, nuclear
accident and cost analysis supports their claims.

18. See Tables 15 and 17 for derivation of the 8.8 M/kwh
subsidy figure. v

19. See Chapter 6 section 4.0 for derivation of the 20 M/kwh
regulatory protection figure.

20. Cost underestimation assumes two-thirds average capital
cost forecasting error due to hazard regulation escalation
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(per Chapter © section 4.0). considering the remaining
overrun independent of regulatory policy yields a separate 6
M/kwh forecasting error (per Table 23). O&M cost
underestimation adds an aditional error of 4 M/kwh (per
Table 23).

21. Learning curve-scaling cost reductions assumed to be 50%
(per discussion in chapter § section 5.0), or one-half
average generating costs for plants ordered '63-'74 (33.45
M/kwh - Table 23). -



CHAPTER IX
CONCLUSION | ‘

Using the OT framework the dissertation explained the
pattern of nuclear power development in the United Statés
1946-1982. The history challenges technically deterministic
theories of the market's organization of innovation. The
pace of nuclear development was tied to the technolbgy's
degree of OT status. Social as well as technical variables
were found to determine the relative capture of this status.

The strength of the OT concept is its ability to’
integrate social and technical variables in a single
framework. As Chapters 3-8 demonstrated, the approach is
able to encompass a wide range of phénomena within a common
pattern of explanation. = Chapﬁef/3 outlined the
character of the nuclear planning context during nuclear's
expansion years.ﬂ Promoéional support for the technology was
tied to the pursuit of economic rents and positive political
externalities‘by cold war planners, the naval reactor
vendors, a numbef of growth oriented utilities, and several
large architect-engineering-construction firms. These
groups' success in creating a critical mass development path
was facilitated by the pervasiveness of cold war ideology,
technocratic professionalism, and consumerism in the fifties
and sixties. = o S

Chapters 4-7 outlined the mechanisms used by nuclear

€.

433
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advocates to win OT status for nuclear power. Chapters 4-6
detailed the period's pro-nuclear subsidies and regulatory
incentives. Chapters 4 and 7 discussed the origins of a
miseladingly optimistic set of nuclear cost expectations.
The analysis demonstrated the social roots of'arrealm of
discourse favorable to nuclear expansion. \ h,

. R -

Chapter 8 quantified the microeconomic//impact of
nuclear's capture of OT status.v Along51de the benefits of
public sub31dy and regulatory favor, the OT d1fferent1al
included the benefits of 1nduced scale economles, learning
effects,\kand mlsleadlngly OptlmlSth‘COSt expectatlons.
Even excludlng many dltflcult to quantlfy advantages of OT
status, such as 1mproved access to capltal markets, the 5.5
cent/kwh dlfferentlal domlnates other factors in explaining

AR

the expan51on of nuclear power 1965- 1974.

: S
S

The erosion ot th1s dltferentlal, due to nuclear's

subsequent loss of OT status, is prlmarlly respon51ble for

£

the technology s decllne. From 1965 to 1968 there were 290
artlcles about nuclear power recorded in the Neﬂ York

Ti 's summary 1ndex.4 Only 42 of these, or 14%, included

v

reference to op9081t1on to nuclear power. For the years

.

1975-1978 over 50% of the artlcles summarlzed (641 of 1245)
contalned oppositional references.a The numbers record the
collapse of the plannlng context consensus whlch authored

nuclear's earlier capture of OT status.

The above data has 1nterest1ng implications for
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nuclear cost forecasting. EngineeringHmodels have
persistently proven worse nuclear cost predictors than
forecasting models which included proxy variables for the
level of political opposition to the;technology.
Regression studies by Komanoff (1981), Mooz (1978,1979) and
Bupp et al. (1975),found socially related variables
statistically significant in explaining nuclear cost trends.
Preliminary work within the OT framework has found nuclear
cost increases to be 51gn1f1cantly correlated mlth the
number of oppositional articles appearlng in the Times'
summary index. These relationships reflect therdiffuse ways
social variables determine relatlve economic eff101en01es,
in both real resource and accountlng terms..t | t

The hlstory of nuclear>power suggestsiseveral
conclu51ons for economlc theory and public polrcy.4 The
activities of the reactor vendors and pro-nuclear ut111t1es
support an "actlve firm" theory of market behaylor and
industrial organlzatlon. The OT mooel also suggests that
presshres for excessive rlsk taklng may emerge in new
industries, as flrms struggle to win OT status for congen1a1
technologles and market shares w1th1n them.‘In the absence
of a well funded system of adversary science and technology
assessment, emerging lndustrles may create publlc health

hazards, The Reagan Administration's support for the

principle of "self-regulation" seems especially dangerous in
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the érea of biotechnology. The history of nuclear power
also suggests that decentralized or coméeting public
bureaucracies are more likely to protect the public interest
than centralized institutions such as the AEC and JCAE.

The dissertation suggests several avenues for future
research. Especially useful would be a planning context
analysis of the socio—political factors responsible for the
disestablishment of nuclear power as ah Official Technology.
Attempts to apply the OT conéept to non—nuciear technical
choices, perhaps in the transportation, medical or
agricultural sectors, could test the concept's general
applicability. \ The OT framework's focus on path dependent
choices and co%petition for scale economies may have
application in historical analysis of regional development.

The dissertation also suggests some areas for further

T

reseafch within Marxist theory. The logic of planning
context analysis suggests a linkage between the concept of a
"social structure of accumulation" (SSA) and anélysis of
.

technical change. Since the viability of different critical
mass development paths is influenced by institutional
structures, it should be possible to link the shape of
technical change to SSA characteristics.

A fully develbped SsA framework might be able to
~endogenize the nature of the original planning context that

promoted nuclear development and the later context that

discouraged it, within a broader analysis of the changing
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character of post-war American capitalism.

Pregnant in such a project would be a powerful
critique of the methodologially individualistic
underpinnings of neoclassical economic theory.‘ The
direction of technical change would be tied to the
jnteractive logic of a social system which created
particular planning contexts, rather than the aggregated
logic of individual maximization decisions subject to

exogenous constraints.
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